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COVlkLBHTLY LINKED OLIGONUCLEOTIDE MINOR 
GROVE BINDER C0NJ06ATBS 

i« rjrej-d of the inv^n^jon 

The present invention is directed to new 

5 derivatives of oligonucleotides. More particularly, 

the present invention is directed to oligonucleotide 
derivatives wherein one or more minor groove binding 
molecules are covalently attached to the 
oligonucleotide. The oligonucleotide minor groove 

10 binding moiety conjugates show strong affinity to 

hybridize and strongly bind to complementary sequences 
of single or double stranded nucleic acids, and thereby 
have utility as sequence specific probes and as 
antisense and anti-gene therapeutic agents. 

15 2. Brief Description of the Prior Art 

Minor groove binding agents which non-covalently 
bind into the minor groove of double stranded DNA are 
known in the art. Intercalating agents which bind to 
double stranded DNA or RNA are also well known in the 

20 ai^« Intercalating agents are, generally speaking, 
flat aromatic molecules which non-covalently bind to 
double stranded DNA or RNA by positioning 
(intercalating) themselves between interfacing purine 
and pyrimidine bases of the two strands of double 
stranded DNA or RNA. United States Patent No. 

25 4,835,263 describes oligonucleotides which are 

covalently bound to an intercalating group. Such 
oligonucleotides carrying an intercalating group can be 
useful as hybridization probes. 

Summary of the Invention 

30 The present invention relates to a covalently 

bound oligonucleotide and minor groove binder 
combination which includes an oligonucleotide having a 
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plurality £ nucleotide units, a 3 '-end and a 5* -end, 
and a minor groove binder noiety covalently attached to 
at least one of said nucleotides. The minor groove 
binder is typically attached to the oligonucleotide 
5 through a linking group comprising a chain of no more 

than 15 atoms. The minor groove binder moiety is a 
radical of a molecule having a molecular weight of 
approximately 150 to approximately 2000 Daltons which . 
molecule binds in a non-intercalating manner into the 
10 minor groove of double stranded DNA, RNA or hybrids 
thereof with an association constant greater than 
approximately 10-* M"^. 

In another aspect, the present invention relates 
to the process of synthesizing certain covalently bound 
15 oligonucleotide minor groove binder combinations, and 
~ to the manner of using such combinations for 
hybridization probe and related analytical and 
diagnostic, as well as therapeutic (anti-sense and 
anti*gene) purposes . 
20 BRZBP DESCHZSTZON OF THE DRAWZBOS 

Figure 1 is a graph showing the results of a slot 
blot hybridization assay. 

DETAILED DESCRIPTION OF THE INVENTION 
GENERAL EMBODIHENTS 
25 A prominent feature of the novel composition of 

matter of the present invention is that a minor groove 
binding molecule is covalently bound to an 
oligoneucleotide. As is noted in the introductory 
section of the present application for patent, a minor 
30 groove binder is a molecule that binds within the minor 
groove of double stranded deoxyribonucleic acid (DNA) . 
Although a general chemical formula for all known minor 
groove binding compounds cannot b provided because 
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such compoxmds have widely varying chemical structures, 
compounds which are capable of binding in the minor 
groove of DNA, generally speaking, have a crescent 
shape three dimensional structure. Most minor groove 

5 binding compounds of the prior art have a strong 

preference for A-T (adenine and thymine) rich regions 
of the B form of double stranded DNA. The minor groove 
binding compounds, or more accurately stated moieties 
of the oligonucleotide<-minor groove binding conjugates' 

10 of the present invention, also have the same 

preference. (The oligonucleotide-minor groove binding 
conjugates of the present invention are hereinafter 
sometimes referred to as 0DN-M6B.) Nevertheless, minor 
groove binding compounds which would show preference to 

15 C-6 (cytosine and guanine) rich regions are also 

theoretically possible. Therefore, ODN-MGB compounds 
incorporating a radical or moiety derived from minor 
groove binder molecules having preference for C-G 
regions are also within the scope of the present 

20 invention. The preferen&e for A->T regions of the known 
minor groove binders is currently explained by the 
existence of an unfavorable steric interference between 
the 2 -amino group of guanine and some well known minor 
groove binders. However, as it will become apparent 

25 from the ensuing further description, when guanine is 
replaced by hypoxanthine in an ODN-MGB of the present 
invention, the potential for the above-noted 
unfavorable steric interference no longer exists and 
strong binding of the ODN-MGB to a complementary strand 

30 may occur. 

Generally speaking, minor groove binding compounds 
known in the prior art do not bind to double stranded 
RNA or to a double stranded hybrid of DNA and RNA. 
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However, th 0DN-H6B c npounds of th present Invention 
exhibit potential for binding to single stranded RNA, 
and the foregoing feature forms another interesting and 
novel .aspect of the present invention. 

5 Examples of known minor groove binding compounds 

of the prior art, which can, in accordance with the 
present invention, be covalently bound to ODNs to form 
the novel 0£M-*M6B conjugates are certain naturally 
occurring compounds such as netropsin, distamycin and 

10 lexitropsin, mithramycin, chromomycin A3, olivomycin, 
anthramycin, sibiromycin, as well as further related 
antibiotics and synthetic derivatives. Certain 
bisguartemary ammonium heterocyclic compounds, 
diarylamidines such as pentamidine, stilbamidine and 

15 berenil, CC-1065 and related pyrroloindole and indole 
polypeptides, Hoechst 33258, 4 ••6-diamidino-2- 
phenylindole (DAPI) as well as a number of 
oligopeptides consisting of naturally occurring or 
synthetic amino acids are minor groove binder 

20 compounds. The chemical structures of the following 
examples are illustrated below. 
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F r the purposes of the present invention a 
molecule is a minor groove binder if it is capable of 
binding within the minor groove of double stranded DNA 
with an association constant of 10^ M*^ or greater. 
This type of binding can be detected by well 
established spectrophotometric methods, such as 
ultraviolet (u.v.) and nuclear magnetic resonance (nmr) 
spectroscopy and also by gel electrophoresis. Shifts - 
in u.v. spectra upon binding of a minor groove binder 
molecule, and nmr spectroscopy utilizing the "Nuclear 
Overhauser« (NOSEY) effect are particularly well known 
and useful techniques for this purpose. Gel 
electrophoresis detects binding of a minor groove 
binder to double stranded DNA or fragment thereof, 
because upon such binding the mobility of the double 
stranded DNA changes. 

Intercalating molecules or agents are readily 
distinguished from minor groove binders on the basis 
that the intercalating agents are flat aromatic 
(preferably polycyclic) molecules versus the "crescent 
shape" or analogous geometry of the minor groove 
binders. An experimental distinction can also be made 
by nmr spectroscopy utilizing the Nuclear Overhauser 
effect. 

As noted above, for the purposes of the present 
invention a molecule is a minor groove binder if its 
association constant within the minor groove of double 
stranded DNA is 10^ H*^ or greater. However, some 
minor groove binders bind to the high affinity sites of 
double stranded DNA with an association constant of the 
magnitude of 10^ to 10^ M""^. 

In accordance with the present invention, the 
minor groove binder molecule is derivatized, in essence 
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formed into a "radical** and linked to an appropriate 
covalent structure or chain of atoms that attaches the 
minor groove binder to the ODN* In a sense , the 
linking '"chain" can and sometimes is considered as 
5 part of the minor groove binder since the nature of the 

linkage is such that it does not adversely affect the 
minor groove binding properties of the O0N-M6B 
molecule. However, it suits the present description 
better to conceptually separate the minor groove binder 
10 from the group that covalently attaches it to the ODN. 

The radical "formed" from the minor group binder 
molecule is hereinafter referred to as the <*mi&or 
groove binder moiety", and the covalent linkage (which 
may be a chain of up to approximately 15 atoms) that 
15 attaches the minor groove binder moiety to the 

oligonucleotide is called the •'linking group". 
The preferred embodiments of the minor groove moieties 
in accordance with the present invention are described 
in detail after description of the oligonucleotide 
20 portion of the ODN-MGB conjugate compounds of the 
present invention. 

Broadly speaking, the oligonucleotide portion of 
the ODN-MGB conjugates of the present invention 
comprise approximately 3 to 100 nucleotide units. The 
25 nucleotide units which can be incorporated into the 

ODNs in accordance with the present invention include 
the major heterocyclic bases naturally found in nucleic 
acids (uracil, cytosine, thymine, adenine and guanine) 
as well as naturally occurring and synthetic 
30 modifications and analogs of these bases such as 
hypoxanthine, 2-aminoadenine, 2-thiouracil, 2- 
thiothymine, 5-N^ ethenocytosine, 4-aminopyrrazolo[3, 4* 
dlpyrimidine and 6-amino-4-hydroxy-t3#4-d]pyJ^i»idine. 
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Th rttsp etive structures of the 2-deoxyribosid s f 5- 
ethenocytosine 4~aminopyrrazolo[3,4-d]pyrimldlne and 
of 6~aalno-4-hydroxy-[3«4-d]pyrimidlne are shown below. 

K 
R 

10 S-N^ ethenocytosine ^ 4-aailnopyrazolo[3,4-d]pyrialdine 

2odeoxyriboside S| 2-deoxyriboside 

R 

6-ainino-*4 -hydroxypyrazolo- [ 3 , pyrinidine 
2 -deoxyriboside 



15 





R » 2*deoxy-^-*D-ribofurano8yl 

In addition, the nucleotide units which are 
20 incorporated into the ODNs of the 0DN-H6B conjugates of 
the present invention may have a cross-blinking function 
(an alkylating agent) covalently bound to one or more 
of the bases, through a linking am. Since the ODN-HGB 
conjugates having an attached cross«-l inking agent form 
25 an in^ortant class of preferred embodiments of the 

present invention these structures will be described in 
more detail below. 

The "sugar" or glycoside portion of the ODN-MGBs 
of the present invention may comprise deoxyribose, 
30 ribose, 2-fluororibose, 2-Q alkyl or alkenylribose 

where the alkyl group may have l to 6 carbons and the 
alkenyl group 2 to 6 carbons « In the naturally 
occurring nucl otid s and in the herein describ d 



9A32496 



PCTAJSM/D45S9 



12 

modifications and analogs the deoxyribose or ribose 
moiety forms a furanose ring, the glycosydic linkage is 
of the P configuration and the purine bases are 
attached to the sugar moiety via the 9*position, the 
pyrimidines via the 1-position and the 
pyrazolopyrimidines via the 1-position. Presently, 
oligodeoxyribonucleotides are preferred in accordance 
with the present invention, therefore the preferred 
sugar is 2 -deoxyribose. The nucleotide units of the 
ODM*s are interconnected by a **phosphate" baclcbone, as 
is well known in the art. The ODNs of the O0N-M6B 
conjugates of the present invention may include, in 
addition to the "natural" phosphodiester linkages, 
phosphorothiotes and methylphosphonates • 

The ODNs of the ODN-HGB conjugates of the present 
invention may also have a relatively low molecular 
weight "tail moiety" attached to either at the 3« or 
5«-end, The "tail moiety" in this particular context 
is to be distinguished from the minor groove binding 
moiety, which is preferably also attached to the 3' or 
5* ends, or to both. Thus, in this context the "tail 
moiety" if present at all, is attached to the end of 
the ODN which does not bear the minor groove binder 
moiety. By way of example, a tail molecule may be a 
phosphate, a phosphate ester, an alkyl group, and 
aminoalkyl group, or a lipophilic group. 

with regard to the possible variations of the 
nucleotide units, the "'phosphate backbone" and "tail" 
of the ODNs of the ODN-HGB conjugates of the present 
invention, the following should be kept in mind. The 
principal useful action of the ODN-MGB conjugates of 
the present invention lies in the ability of the ODN 
portion of the mol cule to bind to a complementary 



wo 96/32496 



PCT/DS96/045S9 



13 



segu nee in singl stranded DNA, RNA, doxible stranded 
DNA, and DNA - RNA hybrid, in a manner in which the 
minor groove binding moiety is incorporated in the 
newly formed "duplex" and thereby strengthens the bond, 

5 that is, increases the melting temperature (and 

association constant) of the newly formed duplex. 
Additionally, those preferred embodiments of the ODN- 
MGB conjugates of the present invention which include a 
cross-linking agent, also result in permanent covalent 

10 attachment of the 00N-M6B molecule to the complementary 
DNA or RNA strand, resulting in a permanently bound 
form. In light of the foregoing, those skilled in the 
art will readily understand that the primary structural 
limitation of the various component parts of the ODN 

15 portion of the ODB-MGB conjugate of the present 

invention lies only in the ability of the ODN portion 
to form a complementary strand to any specific target 
sequence, and that a large number of structural 
modifications, per se known in the art, are possible 

20 within these bounds. Moreover, synthetic methods for 
preparing the various heterocyclic bases, nucleosides, 
nucleotides and oligonucleotides which can form the ODN 
portion of the ODN-MGB conjugates of the present 
invention, are generally speaking well developed and 

25 known in the art. N^ rN^-ethano-S-methyldeoxycytidine, 
its nucleoside, nucleotide and/or oligonucleotides 
incorporating this base can be made in accordance with 
the teachings of Webb, T. R. ; Matteucci, M.D, Nucleic 
Acids Res. , 1986, 14, 7661-7674, Webb, T.R. ; Matteucci, 

30 M.D. J. Am. Chem. Soc, . 1986, 108, 2764. 4- 

aminopyrazolo[3 , 4-^]pyrimidine, 6-amino-4- 
hydroxypyrazolo[3 , 4-d]pyrimidine, their nucleosides, 
nucleotides and oligonucleotides incorporating this 
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base can be made in accordance with the teachings of 
Kazimierczuk et al> J, Am. Chem. Soc. , 1984, 106, 6379- 
6382. Whereas oligonucleotide synthesis, in order to 
prepare an ODN of specific predetermined sequence so as 
5 to be complementary to a target sequence, can be 

conducted in accordance with the state of the art, a 
preferred method is described below. The preferred 
method incorporates the teaching of application serial' 
number 08/090,408 filed on July 12, 1993, which has 
10 been allowed and the issue fee was paid. The 

specification of application serial ntimber 08/090,408 
is hereby expressly incorporated by reference. 

The linking group is a moiety which covalently 
links the ODN portion of the conjugate to the minor 
15 groove binder moiety. Preferably, the linking group is 
such that the linkage occurs through a chain of no more 
than 15 atoms. Also preferably in accordance with the 
present invention the minor groove binder moiety is 
covalently attached to either the 3 • or 5 » end of the 
20 oligonucleotide. Nevertheless, attachment to a 

nucleotide in intermediate position, and particularly 
to the heterocyclic base of the nucleotide in 
intermediate position is also within the scope of the 
invention. Generally speaking, the linking group is 
25 derived from a bi functional molecule so that one 
functionality such as an amine functionality is 
attached for example to the phosphate on the 5' end of 
the ODN, and the other functionality such as a carbonyl 
group (CO) is attached to an amino group of the minor 
30 groove binder moiety. Alternatively, the linking group 
may be derived from an amino alcohol so that the — 
alcohol function is linked, for example, to the 3'- 
phosphate end of the ODN and the amino function is 
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linked to a carbonyl group of th minor groove binder 
moiety. Still another alternative of a linking group 
includes an aainoalcohol (attached to the 3 ' ^-phosphate 
with an ester linkage) linked to an aminocarboxylic 
5 acid which in turn is linked in a peptide bond to the 
carbonyl group of the minor goove binder. Thus, 
preferred embodiments of the linking group have the 
formulas *HN(CH2)s|C0, 0(0112)^^0 and 

(CH2)aCH(0H) (CH2)aNHCO(CH2)aMH where the limitation on 

10 m is that the minor groove binder moiety should not be 
separated by more than approximately 15 atoms from the 
ODN. Preferred embodiments of linking groups are 
•-0(CH2)5NH, -OCH2CH(OH)CH2NHCOCH2CH2NH and -HN(CH2)5CO. 
As it was noted above, the linking group could also be 

15 conceptualized as part of the minor groove binder 

moiety, which in that case would be considered directly 
attached to the ODN. 

The basic limitation for the minor groove binder 
moiety has been set forth above, and is not definable 

20 by specific chemical structure. In edition to the 

molecular structure which causes minor groove binding, 
the minor groove binder moiety may also carry 
additional functions, as long as those functions do not 
interfere with minor groove binding ability. For 

25 example a reporter group, which makes the minor groove 
binder readily detectable by color, uv, spectram or 
other readily discernible physical or chemical 
characteristic, may be covalently attached to the minor 
groove binder moiety. An example for such a reporter 

30 group is a diazobenzene function which in the example 
of a preferred embodiment is attached to a carbonyl 
fiinction of the minor groove binder through a 
-HN(CH2)nCOO(CH2)a|S(CH2)a- bridge. Again, the reporter 
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group r other like function carried by the min r 
groove binder can also be conceptualized as part of the 
minor groove binder moiety itself. 

Preferred embodiments of the ODM-HGB conjugates 
are defined by the following chemical Formula X. This 
definition includes the preferred embodiments of the 
minor groove binder moiety in accordance with the 
present invention, which may also include all or part / 
of the linking group and other appendant groups such as 
a reporter group, as discused above: 



15 




Formula 1 

20 where x is o or S; 

q is an integer between 3 to 100; 
Rg is H, OH, alkoxy having 1 to 6 carbons, O-Cj - 
Cgalkenyl, or F; 

B is an aglycon selected from a group consisting 
25 of a heterocyclic base naturally found in nucleic acids 
and hypoxanthine, 2-aminoadenine, 2-thiouracil, 2- 
thiothymine, 5-li^-ethenocytosine, 4-aminopyrrazolo 
(3 , 4-fi]pyrimidine, 6-amino-4-hydroxy-t3,4-fl]pyrimidine? 
is H, P0(0H)2 or a salt thereof, or a minor 
30 groove binder moiety attached to the 3* or 5* end of 
said oligonucleotide, the group including the 
linking group which covalently binds the minor groove 
binder moiety t the oligonucl otide through no more 
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than 15 atoms, ; 

W2 is absent or is a minor groove binder moiety 
attached to one of the aglycons B, the Wj group 
including the linking group which covalently binds the 

5 minor groove binder moiety to said aglycon, or is a 
cross-linking functionality including a linker arm 
which covalently binds the cross-linking functionality 
to said aglycon, 

wherein the minor groove binder moiety is a 

10 radical of a molecule having a molecular weight of 

approximately 150 to approximately 2000 Daltons that 
bind in a non-intercalataing manner into the minor 
groove of double stranded DNA, RNA or hybrids thereof 
with an association constant greater than approximately 

15 10*^, with the proviso that at least one of said and 
W2 groups is a minor groove binder moiety; and 

wherein further the minor groove binder moiety 
including the linking group has the formula selected 
from the group consisting of groups (a) , (b) , (c) , (d) 

20 and (e): 

Ri-(HN-Yj-C0)a-R2 
(a) 

where Y^^ represents a 5-membered ring having two 
double bonds and 0 to 3 heteroatoms selected from the 

25 group consisting of N, S and O, the KH and CO groups 

are attached respectively to two ring carbons which are 
separated by one ring atom from one another, the ring 
atom positioned between said two ring carbons is sub- 
stituted only with H or is uns\ibstituted, each of the 

30 remaining ring atoms may be optionally substituted with 
1, 2 or 3 R3 groups; 

(b) 
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where is a ring system c nslstlng of a 6«- 
membered aromatic ring condensed with a 5-membered ring 
having one double bond, the condensed ring system 
having 0 to 3 heteroatoms selected from the group 
5 consisting of N, S and O, each of the R^N and CO groups 
is attached to a ring carbon which is in a different 
ring of the condensed ring system, and which is the 
second ring atom, respectively, from one common bridge-- 
head ring atom, the CO and NR^ groups thereby 
10 positioning 2 non-*bridgehead ring atoms between 

themselves on one side and 3 non-bridgehead ring atoms 
on the other side of the condensed ring system, the two 
non-bridgehead ring atoms on the one side being 
optionally substituted with an group, the three non- 
15 bridgehead ring atoms on the other side of the 

^condensed ring system being optionally substituted with 
an R3 group; 

Rj^-(CO-Y3-NH)n-R2 
(c) 

20 where ¥3 is a 6-membered aromatic ring having 0 to 

3 N heteroatoms, and where each of the CO and NH groups 
is attached to a ring carbon, said ring carbons being 
in 1,4 position relative to one another, two ring atoms 
not occupied by the' CO or NH groups on either one of 

25 the two sides of the 6-membered ring being optionally 
sxabstituted with an R3 group, the two ring atoms not 
occupied on the other side of the 6 membered ring being 
optionally sxibstitited with an Kj group; 

R^- (HN-Y4-HN-CO-Y4-CO) p-R2 

30 (d) 

where Y^ is a 6-membered aromatic ring having 0 to 
3 N heteroatoms, and where each of the CO and NH groups 
is attached to a ring carbon, said ring carbons being 
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in 1,4 position relative to on another in ach ring, 
two ring atoms not occupied by the 00 or MH groups on 
either one of the two sides of the 6-mexnbered ring 
being optionally substituted with an R3 group, the two 
5 ring atoms not occupied on the other side of the 6 

menbered ring being optionally substitited with an 
group; 

(e) 

10 where Yg is a ring system consisting of a 6- 

membered aromatic ring condensed with a 5-membered ring 
having one double bond, the condensed ring system 
having 0 to 3 heteroatoms selected from the group 
consisting of N, S and O, each of the Rj^ and Rj groups 

15 is attached to a ring carbon which is in a different 
ring of the condensed ring system, and which is the 
second ring atom, respectively, from one common bridge- 
head ring atom, the R^ and Rj groups thereby 
positioning 2 non-bridgehead ring atoms between 

20 themselves on one side and 3 non-»bridgehead ring atoms 
on the other side of the condensed ring system, the two 
non-bridgehead ring atoms on the one side being 
optionally substituted with an R^ group, the three non- 
bridgehead ring atoms on the other side of the 

25 condensed ring system being optionally substituted with 
an R3 group; 

where R^^ and R2 independently are H, F, 01, Br, I, 
NHj, NHR4, NCR^},! N(R4)3*, OH, -0-, OR4, SH, 

SR4, COR4, CONHR4, CON(R4)2r R4, H2N(CH2)bCO, CONH2, 
30 CONHR4, H2N(CH2)a|COO(CH2)mS(CH2)mC6H4NNC6H4, 
-HN(CH2)nCO, -CONH-, -CONR4, 
-HN(CH2)nCOO(CH2)nS(CH2)nCgH4NNC6H4, and 
-(CH2)nCH(OH) (CH2)aiNHCO(CH2)nNH~r or one of the and 



W09M24M 



PCT/USMMMSS9 



20 



groups is abs nt; 

R3 is selected from the group consisting of CI, 
Br, 1, NH2, NHR4, N(R4)2, N(R4)3"^, OH, OR4, SH, SR4, 
COR4, CONHR4, CON(R4)2 and R4, or the R3 groups may 
5 form a 3, 4, 5 or 6 membered ring condensed to the Y^^ 

ring; 

R4 is an alkyl or cycloalkyl group having 1 to 20 
carbons, an alkenyl or cycloalkenyl group having l to * 
20 carbons and 1 to 3 double bonds, a carbocyclic 
10 aromatic group of no more than 25 carbons, a 

heterocyclic aromatic group of no more than 25 carbons, 
a carbocyclic or heterocyclic arylalkyl group of no 
more than 25 carbons, where R4 may be optionally 
substituted with 1, 2 or 3 P, CI, Br, I, NHj, NHR5, 
15 N(R5)2r N(R5)3'*', OH, OR5, SH, SRj, COR5, CONHR5, 

C0N(R5)2 or R5 groups; 

R5 is alkyl of 1 to 6 carbons, 
R^ is H, alkyl of 1 to 5 carbons, or R5 and R7 
jointly form a 4, 5, or 6 membered ring, optionally an 
20 -0-, -NH-, -MCH3-, or H-lower alkyl group being 

part of said ring; 

Ry is r, methyl or ethyl; -CHj-, or -CH2CH2-; 
m is an integer between 1 to 10; 
n is an integer between 1 to 10, and 
25 p is an integer between 1 to 5. 

still more preferred embodiments of the ODN-MBG 
conjugates of the present invention are those where the 
minor groove binder moiety is defined as follows: 

(1) the minor groove binding moiety is represented 
30 by formula (a) above and the five membered ring has the 
structure — 
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FoBUla 2 

10 (2) the minor groove binding moiety is represented 

by formula (a) above wherein the five membered ring has 
the structure 



15 .NH— 



20 

Formula 3 

and 

(3) the minor groove binding moiety is represented 
by formula (b) and the condensed ring system has the 
25 structure 




Formula 4 
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piiih^a^iiii>n^« containing a orosa-llnlcing functionality 
A class of preferred embodiments of the ODN*MGB 
conjugates of the present invention also include one or 

5 more cross-linking fvinctionalities whereby after the 
ODN-HGB conjugate is bound to a complementary target 
sequence of DNA, RNA or fragment thereof, the cross- 
linking functionality irreversibly reacts with the 
target and forms a oovalent bond therewith. Advantages 

10 of such covalent linking to a target sequence are in 

analytical, diagnostic use, as in hybridization probes, 
and in therapeutic (anti-sense and anti-gene) 
applications. The minor groove binder moiety which is 
also covalently bound to the ODN that complements the 

15 target sequence, enhemces the initial non-covalent 

binding of the ODN-HGB conjugate to the target sequence 
and therefore facilitates the subsequent covalent 
bonding through the cross-linking function. The 
following considerations are pertinent as far as the 

20 cross-linking functionalities or agents incorporated 
into this class of ODN-MGB conjugates are concerned. 

The cross-linking agents incorporated in the 
present invention are covalently bonded to a site on 
the ODN-MGB. Its length and steric orientation should 

25 be such that it can reach a suitable reaction site in 
the target DNA or RNA sequence after the ODN-HGB is 
hybridized with the target. By definition, the cross- 
linking functionality or agent has a reactive group 
which will react with a reactive group of the target 

30 DNA or RNA sequence. The cross-linking agent (or 

agents) may be covalently attached to one or more of 
the heterocyclic bases, to the sugar or modified sugar 
residues, or to the phosphate or modified phosphate 



r 
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functions of the 0DN-M6B conjugates. The cr S8*>linking 
agent nay also be attached to the minor groove binder 
moiety as long as it does not interfere with its minor 
groove binding ability. Preferably the cross-linking 

5 agent or functionality is attached to one of the 

heterocyclic bases. 

In simple terms the cross-linking agent itself may 
conceptually be divided into two groups or moieties, 
namely the reactive group, which is typically and 

10 preferably an electrophilic leaving group (L) , and an 
"arm" (A) which attaches the leaving group L to the 
respective site on the 0DN-H6B. The leaving group L 
may be chosen from, for example, such groups as chloro, 
bromo, iodo, SOjR'", or S^R'^R"", where each of R»" and 

15 R"« is independently Cj^.^alkyl or aryl or R»" and R"" 

together form a Cj^.^alkylene bridge. Chloro, bromo and 
iodo are preferred. Within these groups haloacetyl 
groups such as -COCH2I, and bifunctional "nitrogen 
mustards", such as -M-[ (cai2)2-ci]2 are preferred. The 

20 leaving group will be altered by its leaving ability. 
Depending on the. nature and reactivity of the 
particular leaving group, the group to be used is 
chosen in each case to give the desired specificity of 
the irreversibly binding probes. 

25 Although as noted above the "arm" (or linker arm) 

A may conceptually be regarded as a single entity which 
covalently bonds the ODN-MGB to the leaving group L, 
and maintains the leaving group L at a desired distance 
and steric position relative to the ODN-MGB, in 

30 practice the "arm" A may be constructed in a synthetic 
scheme where a bifunctional molecule is covalently 
linked to the ODN-MGB, or to the ODN before the minor 
groove binder moiety is attached (for example by a 
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ph sphate ester bond to the 3' or 5' terminus, by a 
carbon -to*carbon bond to a heterocyclic base or by 
carbon to nitrogen bond to an amino substituted 
heterocyclic base) through its first functionality, and 
is also covalently linked through its second 
functionality (for example an amine) to a "hydrocarbyl 
bridge" (alkyl bridge, alkylaryl bridge or aryl bridge, 
or the like) which, in turn, carries the leaving group/ 
L. 

10 A general formula of the cross linking function is 

thus -A-L, or «A*Ii2 where L is the above defined 
leaving group and A is a moiety that is covalently 
linked to the ODN-M6B. The A "arm** moiety itself 
should be unreactive (other than through the leaving 

5 group L) under the conditions of hybridization of the 
ODN-HGB with the target sequence, and should maintain 
the leaving group L in a desired steric position and 
distance from the desired site of reactions such as an 
N-7 position of a guanosine residue in the target 
20 sequence. Generally speaking, the length of the A 

group should be equivalent to the length of a normal 
alkyl chain of approximately 2 to 20 carbons. 

An examplary more specific formula for a class of 
preferred embodiments of the cross-linking function is 

25 -(CHj), • Y - (CHj)^ - L, 

where L is the leaving group, defined above, each of m 
and q is independently 0 to 8, inclusive, and where Y 
is defined as a *'functional linking group". For 
clarity of description this ••functional linking group** 

30 is to be distinguished from the ••linking group** that 
attaches the minor groove binder moiety to the ODN, 
although the functional linking groups desribed here 
for attaching th cross-linking ag nt can also be used 
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f r attaching a minor groov binder moi ty to ith r 
end of the ODN, or to a nucleotide in intermediate 
position of the ODN. A "ftmctional linking group" is a 
group that has two functionalities, for example -NHj 

5 and -OH, or -COOH and -OH, or -COOH and -NHj. which are 

capable of linking the (CH2)q and (CHj)^ bridges. An 
acetylenic terminus (HCbC-) is also a suitable 
functionality for Y, because it can be coupled to 
certain heterocycles, as described below* 

10 Other examplary and more specific formulas for a 

class of preferred embodiments of the cross-linking 
function are 

- (CH2)q - NH - CO - (CHj)^ " NCR^) -(CH2)p-L 

and 

15 -(CH2),,-0-(CH2),,.-NH-CO-(CH2)a "Wn * N(R^)- 

(CH2)p-L 

Where q, a and L are defined as above in 
connection with the description of the cross-linking 
functions, q« is 3 to 7 inclusive, q«» is 1 to 7 

20 inclusive, Z is phenyl or simple substituted phenyl 
(such as chloro, bromo, lower alkyl or lower alkoxy 
substituted phenyl) , n is 0 or 1, p is an integer from 
1 to 6, and R,^ is H, lower alkyl or (CH2)p*L. 
Preferably p is 2. Those skilled in the art will 

25 recognize that the structure - NCR^) -(CH2) 2*"!* describes 
a **nitrogen mustard", which is a class of potent 
alkylating agents. Particularly preferred are within 
this class of ODN-MGB conjugates those where the cross- 
linking agent includes the functionality - 

30 N(R]^)-(CH2)2**I^ where L is halogen, preferably chlorine; 
and even more preferred are those 00N-M6B conjugates 
where the cross linking agent includes the grouping - 
N-[(CH2)2-L]2 ( ^ "bifunctional" N-mustard) , 
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A particularly pr f erred partial structur of the 
cross linking agent includes the grouping 

-CO - (CH2)3 - CgH^ - N - [ (Caig) zCllj. 
In a preferred enbodiment the just-noted cross-linking 
group is attached to an D-hexylamine bearing tail at 
the 5* and 3* ends of the ODN in accordance with the 
following structure: 

R»-0-(CH2)6 -HH - CO - (CH2)3 - C6H4 - H - [(CH2)2C1]2 
where R< signifies the terminal 5' or 3 < -phosphate 
group of the ODN. The other terminal, or a nucleotide 
in an intermediate position bears the minor groove 
binder moiety* 

In accordance with other preferred embodiments, 
the cross-linking functionality is covalently linked to 
the heterocyclic base, for example to the uracil moiety 
of a 2 *-deoxyuridylic acid building block of the ODN- 
MGB conjugate. The linkage can occur through the 
intermediacy of an amino group, that is, the "arm- 
leaving group combination" (A-L) may be attached to a 
5-amino-2'-deoxyuridylic acid building unit of the ODN. 
In still other preferred embodiments the "axmi- leaving 
group combination** (A-L) is attached to the 5-position 
of the 2 * -deoxyuridylic acid building unit of the ODN 
by a carbon-to-carbon bond. Generally speaking, 5- 
substituted-2 * -deoxyuridines can be obtained by an 
adaptation of the general procedure of Robins et al. 
r can, J, Chem. . £0:554 (1982); J, Org. Chem. . 48:1854 
(1983)). In accordance with this adaptation, 
palladium-mediated coupling of a sxibstituted 1-alkyne 
to 5-iodo-2'-deoxyuridine gives an acetylene-coupled 
product. The acetylenic dUrd analog is reduced, with 
Raney nickel for example, to give the saturated 
compound, which is then used for direct conversion to a 
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reagent for use n an automated DNA synthesizer. 
Examples of reagents which can be coupled to 5«-iodo-2*- 
deoxyuridine in accordance with this method are 
H^CCH20CH2CH2N(CO)2CgH4 (phtalimidoethoxypropyne) and 
5 HCBCCH2OCH2CH2NHCOCF3 

(trif luoroacetamidoethoxypropyne) . 

In these examples the nucleosides which are 
obtained in this scheme are incorporated into the 
desired ODM, and the alkylating portion of the cross- 
10 linking agent is attached to the terminal amino group 
only after removal of the respective phtalic or 
trifluoroacetyl blocking groups. Other examples of 
nucleotides where the crosslinking agent is attached to 
a heterocyclic base, are 2 •-deoxy-4-aminopyrazolo[3,4- 
15 d]pyrimidine derivatives. These compounds can be made 
in accordance with the teaching of published PCT 
application WO: 90/03370 (published on 4/05/90) . 

Discussing still in general terms the structures 
of the modified ODNs of the present invention, it is 
20 noted that examiination of double*stranded DNA by ball- 
and-stick models and high resolution computer graphics 
indicates that the 7-position of the purines and the 5- 
position of the pyrimidines lie in the major groove of 
the B-form duplex of double-stranded nucleic acids. 
25 These positions can be substituted with side chains of 
considerable bulk without interfering with the 
hybridization properties of the bases. These side arms 
may be introduced either by derivatization of dThd or 
dCyd, or by straightforward total synthesis of the 
30 heterocyclic base, followed by glycosylation. These 
modified nucleosides may be converted into the 
appropriate activated nucleotides for incorporation 
into oligonucleotides with an automated DNA 
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synth slzer. With the pyraz 1 [3 , 4-d]pyrixnidines, 
which are analogs of adenine , the crossl inking arm is 
attached at the 3*position, which is equivalent to the 
7**position of purine. 

5 The crosslinking side chain (arm - A) should be of 

sufficient length to reach across the major groove from 
a purine 7* or 8-position, pyrimidine 5-position, 
pyrrolopyrimidine 5-position or pyrazolopyrimidine 3- ' 
position and reacting with the li~7 of a purine 

10 (preferably guanine) located above (on the oligomer 3*- 
side) the base pair containing the modified analog. 
The crosslinking side chain (arm « A) holds the 
functional group away from the base when the base is 
paired with another within the double-stranded complex. 

15 As noted above, broadly the arm A should be equivalent 
in length to a normal alkyl chain of 2 to 20 carbons. 
Prefereibly, the arms include alkylene groups of 1 to 12 
carbon atoms, alkenylene groups of 2 to 12 carbon atoms 
and 1 or 2 olefinic bonds, alkynylene groups of 2 to 12 

20 carbon atoms and 1 or 2 acetylenic bonds, or such 
groups substituted at a terminal point with 
nucleophilic groups such as oxy, thio, amino or 
chemically blocked derivatives thereof (e.g., 
trif luoroacetanido, phthalimido, CONR*, NR*C0, and 

25 S02NR\ where R' = H or C^.galkyl) . Such 

functionalities, including aliphatic or aromatic 
amines, exhibit nucleophilic properties and are capable 
of serving as a point of attachment to such groups as 
- (CHj)^ - i# and 
30 - CO - (CHj)^ -(«)n • N(Ri)-(CH2)p-L 

which are described above as components of examplary 
cross-linking functional groups. 

After the nucleoside or nucl otide unit which 
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carries th crosslinking functionality A-L, or a 
suitable precursor thereof, (such as the - (CH2)q - NH2 
or *-(CH2)q - y group, where Y terminates with a 
nucleophilic group such as NH2) is prepared, further 

5 preparation of the modified oligonucleotides of the 

present invention can proceed in accordance with state- 
of-the-art. Thus, to prepare oligonucleotides, 
protective groups are introduced onto the nucleosides * 
or nucleotides and the compounds are activated for use 

10 in the synthesis of oligonucleotides. The conversion 

to protected, activated forms may follow the procedures 
as described for 2 * -deoxynucleosides in detail in 
several reviews. See, Sonveaux, Biooraanic chemistry, 
11:274-325 (1986); Jones, in "Oligonucleotide 

15 synthesis, a Practical Approach**, M.J* Gait, Ed., IRL 
Press, p. 23-34 (1984). 

The activated nucleotides are incorporated into 
oligonucleotides in a manner analogous to that for ONA 
and RNA nucleotides, in that the correct nucleotides 

20 will be sequentially linked to form a chain of 

nucleotides which is complementary to a sequence of 
nucleotides in target DNA or RNA. The nucleotides may 
be incorporated either enzymatically or via chemical 
synthesis. The nucleotides may be converted to their 

25 5 • -Q-dimethoxytrityl-3 • - (fi,!!- 

diisopropyl)phosphoramidite cyanoethyl ester 
derivatives, and incorporated into synthetic 
oligonucleotides following the procedures in 
'^oligonucleotide Synthesis: A Practical Approach", 

30 supra . The ^-protecting groups are then removed, along 
with the other oligonucleotide blocking groups, by 
post-synthesis aminolysis, by procedures generally 
known in the art. 
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In a preferred emb dimenti the activated 
nucleotides may be used directly on an automated DNA 
synthesizer according to the procedures and 
instructions of the particular synthesizer employed. 
5 The oligonucleotides may be. prepared on the synthesizer 

using the standard commercial phosphoramidite or H- 
phosphonate chemistries. 

A moiety containing the leaving group, such as a/ 
haloacyl group, or - CO - (CHj)^ * N(Rj^)-(CH2)p-L 

10 group (even more preferably a CO- (0112)3-05114 -N- 

[CH2CH201]2) nay be added to the aminoalkyl or like 
tails (-CH2)q-Y) following incorporation into 
oligonucleotides and removal of any blocking groups. 
In the situations where the cross linking agent 
15 _ (A-L moiety) is attached to the 3' or 5* terminus of 
the oligonucleotide, for example by an alkylamine 
linkage of the formula -(CH2)q-Y (Y terminating in an 
amine) , the oligonuclotide synthesis may be performed 
to first yield the oligonucleotide with said aminoalkyl 
20 tail, to which then an alkylating moiety, such as the 
above-noted haloacylgroup or - CO - (CH2)s^ -"(3^)0 " 
N(Ri)-(CH2)p-L is introduced. 

An exemplary preferred embodiment of an ODN-MGB 
conjugate which has a cross-linking agent attached to 
25 one of the nucleotide bases is represented by the 
formula below: 

GGTTATTTTTGAAGATACGAATTTCSCCAGAGACACAGCAGGAm 
CDPI3 

30 where the underlined symbol "S" (the 26th nucleotide 
unit in the 50mer) represents a 5-(3-aminopropyl)-2'- 
deoxyuridine which has a chlorambucil residue 
attached to the amino group. The symbol "CDPI3" 
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represents a minor gr ove binder noiety as described 
below in connection with Reaction Soheae l. The 5-(3*- 
aminopropyl)-2 "-deoxyuridine component is incorporated 
into the ObN by using 5 • -O-trityl-5- 

5 trif luoroacetamidopropyl-2 ' -deoxyuridine 3 • - (N , 

diisopropyl-cyanoethyl-phosphoramidite in accordance 
with the procedure of Gibson, K« J., & Benkovic,S. J. 
(19B7) Nucleic Acids Res. 15, 6455 « The chlorambucil 
•residue and the minor groove binder moiety are 

10 introduced into the ODN as described in the 
experimental section below. 

Synthesis of minor groove binder moieties and ODM«>MgB 
^9Biuqat^s 

Presently most preferred embodiments of the minor 
15 groove binder moieties of the present invention are 
"oligopeptides" derived from l,2-dihydro-3ll- 
pyrrolo[3,2-£jindole-7-carboxylic acid (CDPI) and from 
4-amino-li-methylpyrrole-2-carboxylic acid. These are 
synthetic peptides which have repeating units of the 
20 structures shown respectively in Formula 2 and Formula 
4 where the degree of polymerization (m) of the peptide 
is preferably 3 to 5, most preferably 5 for the peptide 
of Formula 2 and 3 for the peptide of Formula 4. 
Reaction Scheme 1 discloses a process for preparing a 
25 specific tripeptide abbreviated **CDPl3*' which 

thereafter can be coupled with or without minor 
modification, to ODNs, to form preferred embodiments of 
the ODN-MGB conjugates of the present invention. 

30 
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la R» C0NH2 (TFP-COPQ 
lb 1^ *Boc (TFP-Boe43PI) 



U Rb CONK^ (COP^m«lhyl Mter) 
2c R» ^Boc (Boc-OPt2 methyl «t«) 




TFP.TFA 




UOH/ObOfH 



3a COPIaiiMtKyl 




" NH2CH2CH2CH2OH 
ad C0PJ33^*wypiopyiainid 

R action Botaeae 1 




2b R- CONH2 (COPy 
ad R> ^Boe (Boe4)PI^ 




3c TFP-CDPI3 
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R f erring thus to Raaetion Sehaa l, the starting 
material in this synthetic scheme is 3-carbamoyl-l,2- 
dihydro-3H-pyrrolo[3,2-e]indole-7-carboxylic acid or 3- 
t-butyloxycarbonyl-1 , 2-dihydro«3iI-pyrrolo [ 3 , 2-e ] indole- 

5 7-carboxylic acid which can be made in accordance with 

the chemical literature (D.L.Boger, R.S« Coleman, and 
B. J.lnvergo. J.Org.Chem. , 1987, Vol.52, 1521--1530). The 
starting compounds are converted into an active ester/ 
by treatment with the tetrafluorophenyl ester of tri- 

10 fluoroacetic acid (TFP-TFA) . In compound la shown in 
the scheme the S group is cONHji in lb R is t- 
butyloxycarbonyl (^Boc) . The t-butyloxycarbonyl (^Boc) 
group is a well known protecting group for amino 
functions which can be removed by acid. The resulting 

15 activated esters la and lb are reacted with methyl 1,2- 
dihydro-3Ii-pyrroloindole-7-carboxylate (also available 
in accordance with the chemical literature, see D.L. 
Boger, R.S. Coleman, and B.J. Invergo. J. Org. Chem. , 
1987, Vol. 52, 1521-1530) to yield the "dimer" peptide 

20 compounds 2a and 2c. The methyl group of the carboxyl 
function is removed by treatment with base to yield the 
"dimer*' peptides wherein the carboxyl ic acid group is 
free. This dimer is activated once more to form an 
active ester with tetrafluorophenol (2e when R - C0NH2f 

25 TFP-CDPIj; and 2£ when R « *Boc, TFP-^Boc-CDPIj) • 

After activation with TFP-TFA the active ester of the 
dimer can be used for forming the 0DN-H6B conjugate as 
is described below in connection with the corresponding 
trimer. The activated ester of the dimer peptide can 

30 also be reacted with yet another molecule of methyl 
l,2-dihydro-3H-pyrroloindole-7-carboxylate to form a 
"trimer peptide" that has its carboxylic acid function 
protected as a m thyl ester, 3a (methyl 
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3-carbeuBoyl-l, 2-dihydro-3Ii-pyrrolo[3, 2-e) indole-7-carboxylate 
triner) . The methyl group is removed by treatment with 
base and the resulting "trimer peptide** 3b is converted 
again into an active tetrafluorophenyl ester 3e 
5 (2,3,5,6-tetrafluorophenyl 3-carbamoyl-l,2-dihydro-3Ii- 

pyrrolo[3,2-e]indole-7-carboxylate trimer, TFP-CDPI3) . 
The active tetrafluorophenyl ester 3e can be used to 
further lengthen t^e peptide chain by repeating the 
steps of reacting with methyl l,2-dihydro-3iI- 
10 pyrroloindole-7-carboxylate, saponifying the resulting 
methyl ester, and if desired, reacting with TFP-TFA 
again to make the active tetrafluorophenyl ester of the 
peptide incorporating 4 CDPI moeieties. As it will be 
readily understood, these steps can be repeated further 
15 until the desired number of CDPI moieties are included 
in the peptide. In the herein described preferred 
embodiments the active tetrafluorophenyl ester of the 
tripeptide 3c (TFP-CDPI3) is utilized for coupling to 
an ODN to make an 0DN>M6B, or for synthesizing an ODN- 
20 MGB on a suitable modified controlled pore glass (CPG) 
solid suport as is described below in connection with 
Reaction Sotaemes 4 and 5. Reaction Scheme 1 indicates 
as its last step the preparation of a hydroxylpropyla- 
mide derivative from the the active tetrafluorophenyl 
25 ester of the tripeptide 3c (TFP-CDPI3). The hydroxyl- 
propylamide derivative of the tripeptide 3d ( 3 -carbam- 
oyl-! , 2-dihydro-3H-pyrrolo ( 3 , 2-e] indole-7-carbox] -1- 
amido-3-propanol trimer, CDPl3-3-hydroxylpropylamide) 
can be used for coupling with an ODN to obtain an ODN- 
30 MGB in accordance with the present invention. The 

tripeptide 3d however, was also used as a "free stand- 
ing" minor groove binder molecule as a control in 
certain binding studies which are d scribed below. 
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tBOC-+W(ChysCCXDH + HOCH^CHzSCI 



N.N'-diqfciohej^lcarbodiimide PCC) 



fficx5--HN(PH^cxx;>v:H2Sciv^^--N=My^^ 11 

1. TMihioioaeeticacid (TFA) 
HaNtCH^OOCHjCHaSCHr^^-hW*-^^ 



20 eoc-HN, 



tBOC-HN. 




^ ° 12 



rapeat two previous steps n-1 times 



tBOC-+iN, 



• -hn(ci^cxx:h^H2Sci 
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1. TiMuoroa6eticadd(1FA) 



16a 



10 
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II 



tBooW(CH2)60-0' 




1Bo<>NH(PH2)6C— -HN 
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CHs ^ 16b 
n 

RsaotioB Scheme 2 

Referring now to Reaction scheme 2 the synthesis 
of another preferred embodiment of the minor groove 
binder peptides is disclosed, where the "monomer" is 
the residue of 4«amino-li-methylpyrrol-2-carboxylic 
acid, and which embodiment also bears a reporter group 
/containing a diazobenzene moiety. Thus, in accordance 
with this scheme 6-[ (tert-butyloxy)carboxamido]hexano- 
ic acid is condensed in the presence of ]i,li-dicyclohex- 
ylcarbodiimide with 2-[4-(phenylazo) - benzylthio)- 
ethanol to form (2-[4-(phenylazo)ben2ylthio]ethyl 5- 
[ (tert-butyloxy) carboxamido]pentylcarboxylate, II), 
The ^Boc protecting group is removed from compound 11 
by treatment with trif luoroacetic acid (TFA) and the 
resulting compound having a free amino function is 
react d with an activated ester of ^Boc protect d 4- 
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amino-ll-*iaethylpyrrol-2-carboxylic acid. The latter 
activated ester compoiind (1,2,3-benzotriazol-l-yl i- 
methyl-4- (tert-butyloxy ) carboxaiDido-pyrrole-2- 
carboxylate) is made from l-methyl-4*[tert* 

5 butyloxy)carboxamido]pyrrole-2-carboxylic acid which is 

available pursuant to the literature procedure of L. 
Grehn, V. Ragnarsson, J. Pro. Chem. . 1981, 46, 3492- 
3497. The resulting 2-[4*(phenylazo)benzylthio]ethyl 
5- [ l-methyl-4- (tert- butyloxy) carboxamido]pyrrole-2- 

10 carboxamidojpentylcarboxylate, 12) has one unit of the 
monomer ••2-amino-li-methylpyrrol carboxylic acid" 
residue attached to the reporter group that carries the 
diazobenzene moiety « After removal of the '^Boc 
protecting group with trifluoroacetic acid and coupling 

15 with one or more molecules of 1,2,3-benzotriazol-l-yl 

l-methyl-4- (tert-butyloxy) carboxamido-pyrrole-2-carboxylate 
can be accomplished, until a peptide containing the 
desired number of monomer residues is obtained. Such a 
compound having a number of monomers and a free amino 

20 group is indicated in Reaction Scheme 2 as 16a. 

Compound 16a can be reacted with an activated ester 
(such as a 1,2,3-benzotriazol-l-yl activated ester) of 
^Boc protected 6-aminohexanoic acid to provide the 
oligopeptide shown as compound 16b in Reaction Scheme 

25 2. The ^Boc protecting group can be removed from the 
latter compound under acidic conditions, and the 
resulting derivative having a free amino function can 
be attached by conventional synthetic methods to either 
the 3* -phosphate or 5*-phoshate end of an ODN. 

30 Alternatively, the derivative having a free amino 

function can also be attached to the 3* or 5'- OH end 
of an oligonucleotide using a variety of bifunctional 
linking groups, as discussed above. 
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O 

H 

OIDN-3*or^*-p.O(CH2)6»*fe+ TF=PO' 
O* 



10 



rO 



la ns1 Rs CONh|2 
IbiFlRstBOC 
2enF2RB.COMi2 
2r n=2RstBOC 
3c ns3 Rb COMi2 



15 



O 

H 



ODN-3' or.5*.p.O(CH2)6NH'^^ 



20 



25 Reaction SGtaane 3 

Referring now to Reaction Scheme 3 a general 
method for coupling a 3**amino tailed or 5 '-amino- 
tailed OON with the tetrafluorophenyl (TFP) ester 
activated exemplary minor groove binding oligopeptides 

^ is illustrated. Although the scheme shows the use of 
the TFP activated exemplary minor groove binding com- 
potxnds obtained in accordance with Reaction Scheme 
it Should be kept in mind that this g neral method is 
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suitable for the coupling of other TFP activated minor 
groove binding compounds with ODNs, as well. The 
reference numeral la through 3c in Reaction Scheme 3 
refer to the exemplary compounds obtained in accordance 

5 with Reaction Scheme 1. 

The 3*- or 5**amino tailed ODNs can be synthesized 
by conventional methods; for example an aminohexyl 
residue can be attached to either end of the ODN by 
^sing commercially available 

10 monomethoxytritylaminohexyl phosphoramidite. 

Alternatively, the amino tailed ODNs can be synthesized 
in accordance with the methods described in application 
serial nximber 08/090,408 filed on July 12, 1993 which 
has been allowed and the issue fee was paid. The 

15 specification of application serial number 08/090,408 
is expressly incorporated herein by reference. In 
accordance with the present scheme the amino tailed ODN 
is converted into a cetyltrimethylammonium salt to 
render it soluble in organic solvents, and the 

20 tetrafluorophenyl ester activated minor groove binder 
molecule is condensed therewith, preferably in DMSO as 
a solvent. 



25 
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CPQ bearing 5'-amino tailed ODN 



1. TFP CDP(3 (3c Schemel) 
^ J 2. cone. NH3 



10 



15 



O 

II 

O0N-*5'-P-O(CH2)6l 




^CONHj 
3 



Rttaotion Sobama 4 
Reaotieii Seliama 4 discloses another method of 

IQ coupling an active ester of a minor groove binder 

molecule to a 5* -amino tailed ODN. The example shown 
in the scheme is that of the TFP ester of the 
tripeptide derived from 3-carbomoyl-l,2-dihydro-3ii- 
pyrrolo[3,2-e]indole-7-carboxylic acid residues (TFP- 

25 CDPI3) but it should be understood that the generic 

principles disclosed in connection with this reaction 
scheme can be used with other minor groove binder 
molecules as well. In this method, the ODN is still 
attached to a CPG support, and has a free amino group 

30 on its "amino tail". This can be obtained by using N- 
monomethoxytritylaminohexyl phosphoramidite mentioned 
above. The monomethoxytrityl group is removed after the 
coupling of the phosphoramidite to give the d sired 
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CP6-bearing-**aiaino-tailed ODN", Altemativ ly, such a 
CP6- can be obtained in accordance with the disclosure 
of the above-cited application serial number 
08/090,408, and references cited therein. By way of 

5 summary, the ODN is synthesized stepwise attached to 

the CP6, and having a tail having an amino group 
protected with a 9-fluorenylmethoxycarbonyl (Fmoc) 
group. After the desired sequence of nucleotides has* 
*een built up, the Fmoc group is removed from the amino 

10 group while the ODN is still attached to the CP6 

support. In accordance with Reaction scheme 4 of the 
present invention this "CPG-bearing-amino-tailed-ODN" 
having the free amino group is condensed with the 
active ester (TFP-CDPI3, ^^^^ ^ ^^^^ activated 

15 form of a minor groove binder. The ODB-MGB conjugate 
is thereafter removed from the CPG support by 
conventional methods, most frequently by treatment with 
ammonia • 

20 
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23 

"Reagerts: (a) TFP-TFA. EtaN. CH2CI2: (b) 3^rrtno-1 ^-propanediol. CH2CI2; 
(c) DMTiCI, pyridine: (d) succinic anhydride. N^nethyllrtdazDle. CH2CI2. TFP-TFA; 
(e) AkyI amine CPG. pyridine; 0) piperidine. DMF; (9) TFP-CDP«3 (3c Scheme 1). DMF. 



30 



React! n 8ohem« 5 
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R action Sobema 5 disci s s another preferred 
method for preparing the ODN-HGBs of the present 
invention. More particularly, Roaetioa Sotaeaie 5 
discloses the preferred synthetic process for preparing 

5 ODN-MGBs by first attaching a linking molecule to a CFG 

support, thereafter attaching an activated form of 
minor groove binder to the linking molecule, and 
thereafter building the ODN of desired sequence 
-step-by-step in an. automatic ODN synthesizer using the 

10 just described modified CPG support. The ODN-H6B 

conjugate is removed from the CPG support only afzer 
the ODN moiety of desired sequence has been completed. 
The linking molecule in this case is a trifunctional 
molecule, with each function having different 

15 reactivity, which permit attachment to the CPG, 

reaction with the activated form of minor groove binder 
moiety and the building of the ODN portion, each using 
a different functionality of the linking molecule. A 
more general and detailed description of this synthetic 

20 method and of the trifunctional linking molecules which 
can be utilized in the method, but without any 
reference to minor groove binders, can be found in 
application serial number 08/090,408. Reaction Scheme 
5 illustrates this synthetic process with the example 

25 of ^-alanilyl-3-amino-l,2-propanediol as the 

trifunctional linking molecule, and TFP-CDPI3 (compound 
3o) as the activated form of the minor groove binder. 

Thus in accordance with Reaction Scheme 5, Fmoc 
protected ^-alanine is reacted with tetraf luophenyl 

30 trifluoroacetate (TFP-TFA) to provide 2,3,5,6- 

tetraf luorophenyl 3- [N- ( 9-f luorenylmethoxycarbonyl ) ] 
aminopropionate (4) . The active ester 4 is reacted 
with 3 -amino- 1,2 -propanediol to provide l-[3-[N-(9- 
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flu renylmethoxycarbonyl) amino] -1-oxopropyl ] amino- 
(R,S)-2,3«-propanediol (5). The primary hydroxyl group 
of 5 is thereafter protected vith a dimethoxytrityl 
group to give l-t3-CH-(9-fluorenylmethoxycarbonyl)- 

5 amino] -1-oxopropyl ] amino- (R, S) -2- 

[ [ bis (methoxypheny 1 ) phenylmethoxy ] mety 1 ] -2 -ethanol ( 6 ) • 
The secondary hydroxyl group of compound 6 is reacted 
with succinic anhydride and the carboxylic group in the 
resulting compound is thereafter converted into an 

10 active ester, 2 , 3 , 5 , 6-tetraf luorophenyl i-[3-[H-(9- 
f luorenylmethoxycarbonyl ) amino] -1-oxopropyl ] amino- 
(R,S)-2-[ [bis (methoxypheny 1) phenylmethoxy] metyl]-2- 
ethyl butanedioate (7) . Compound 7 is then attached to 
a long chain aminoalkyl controlled pore glass support 

15 (LCAA-CPG, or alkylamine CPG) which is commercial lly 
available and is described in the above-cited 
application serial number 08/090,408. The resulting 
*'modif ied CP6** is shown in Reaction Schema 5 as 
Compound 8, The Fmoc protecting group is removed from 

20 8 by treatment with mild base (piperidine in 

dimethyl formamide) to yield the ""modified CPG** 9 that 
has a free primary amine function as part of the 
linking molecule. In the next step the activated minor 
groove binder molecule, in this instance TFP-CDPI3 

25 (compound 3o) is reacted with the primary amine 

function of 9, to yield the modified CPG 10 that 
includes the minor groove binder moiety and still has 
the primary hydroxyl group of the linking group 
protected with a dimethoxytrityl group. Although this 
30 is not shown in Reaction Scheme 5, in the subsequent 

steps the dimethoxytrityl group is removed and the ODN 
synthesis is performed in an automatic synthesizer, by 
steps which are now consid red conv ntional in the art. 
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When the synthesis is complet the 0DN-H6B conjugate is 
removed from the CP6 support by treatment with ammonia. 
The latter step cleaves the bond attaching the 
secondary hydroxyl group of the 3-amino-l,2*propanediol 

5 moiety to the CP6 support. 

Biological Testing and Diseusaleii 

The ODN-MGB conjugates bind to single stranded 
DNA. They also bind to double stranded DNA in the 
presence of a recombinase enzyme, and in some cases to 

10 single stranded RNA and DMA and RNA hybrids as well. 
The binding however occurs only if the ODN moiety is 
complementary! or substemtially complementary in the 
Watson-Crick sense, to a target sequence in the target 
DNA or RNA. When this condition is met, the binding of 

15 the ODN-MGB to the target sequence is significantly 

stronger than binding of the same ODN would be without 
the minor groove binder. The foregoing is demonstrated 
by the tests described below, and provides utility for 
the ODN-MGB conjugates of the present invention as 

20 analytical and diagnostic hybridization probes for 
target DNA or RNA sequences, and in therapeutic 
antisense and anti-gene applications. 
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Tabl 1 



Table 1. T.'s data of Ae (dAp), -K<^)i duplex canying mtercalatoxs or 
oligo-(Umediyl-2-caxboxy-4anuno)pynole residues attached to 3'-end of the 
ODN* 



15 



COMFLEX. 






(dAp), + (dli»). 


21.1 


- 


(dAp)t -f (dTp)| + Distamycin A'' 


47.1 


26.0 


(dAp), + (drpVX. m = 2 


39.4 


18.3 


m « 3 


51.7 


30.6 


m -4 


60.2 


39.1 


m = 5 


65.4 


44.3 


(dllp), + (dAp),-X. m = 2 


29.1 


8.0 


m " 3 


39.0 


17.9 


m « 4 


42.7 


21.6 




52.6 


31.5 


1 (dAp)rY + {dip). 


30.5 


9.4 


[(dApVY + CdTpVV 


42.9 


21.8 



* Reported parameters are averages of at least three experiments. Optical 
melts were conducted in 0.2 M NaCl, 0.1 mM EDTA. 0.01 M (± 0.1 ^C) 
Na2HP04. pH 7.0 with [(dTp),<dAp)J « 2.5 -lO"* M. 

^ The difference in between modified and unmodified duplexes. 
' Concentration of distamycin A was 2.5*10'^ M. 

* Ethidium bromide (EtBr) was conjugated by its S-NH^-position to Ae 3 - 
30 terminal phosphate of the ODNs through a p-alanine linker by the method 

in ref 12. 
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10 



15 



Y= —I 




20 



25 



30 



Table 1 illustrates the melting temperature of 
several complexes formed of complementary oligonucleo- 
tides which have the minor groove binder moiety derived 
from 4-amino-li-methylpyrrol-2-carboxylic acid residues. 
The minor groove binder moiety is specifically shown as 
the radical X by the formula below Table 1. It is 
noted that the radical Z also includes a linking moiety 
which is derived from 6-aminohexanoic acid. The 
oligonucleotides utilized here are S-mers of 2*- 
deoxyadenylic acid, and S-mers of thymidylic acid. 
The minor groove binder Z is attached to the ODNs at 
the 3* -phosphate end, the 5* -end of these ODNs have no 
phosphate. In this regard it is noted that the ODNs 
are abbreviated in these and the other tables in the 
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manner customary in the art. The gr up Y symbolizes an 
ethidium bromide moiety attached to the 3* phosphate end 
through a "^-alanine" linking moiety. The Y group 
represents an intercalating group and acts as a control 
5 for comparison with the minor groove binding groups. 

The symbol m represents the number of 4-amino-li*ii^ethyl- 
pyrrol-2-carboxylic acid residues present in each ODN* 
MGB of the table. 

As is kno%m in the art, the melting temperatxure 
10 (Tjg) of an oligonucleotide or polynucleotide duplex is 
defined as that temperature at which 50 % of the 
respective oligonucleotide or polynucleotide is 
dissociated from its duplex, Watson Crick hydrogen 
bonded form. A higher melting temperature (Tj^) means a 

15 more stable duplex* As is knovm further, the melting 

temperature of an oligonucleotide or polynucleotide is 
dependent on the concentration of the nucleotide in the 
solution in which the melting temperature is measured, 
with higher concentrations resulting in higher measured 
20 melting temperatures. The melting temperatures 
indicated in these tables were measured under 
conditions indicated in the table and in the 
experimental section. represents the change in 

melting temperature of the modified duplex relative to 
25 the melting temperature of the (dAp)g • (dTp)8 complex 
which has no minor groove binder moiety. 

As it can be seen from Table l, the covalently 
bound minor groove binder moiety significantly 
increases the stability (melting temperature Tn) of the 
30 complex, whether the group X (minor groove binder 
moiety) is attached to the (dTp)8 or to the (dApjg 
oligonucleotide. In this instance the greatest degree 
of stabilization (highest melting temperature) is 
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achi ved when the minor groov bind r moiety is a 5-mer 
oligopeptide. In the comparative experiment when the 
intercalating group Y is attached to the (dAp}g 
oligomer, a comparatively much smaller degree of 

5 stabilization is attained. Even attaching the 

intercalating Y group to each o£ the two strands of 
oligomers in this experiment, raised the melting 
temperature less than the minor groove binder moiety 
having five 4-amino-2l-methylpyrrol-2-carboxylic acid 

10 residues. 
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Table 2. T,'$ daia of ihe duplexes fomed by hexadeca-. octadqnnidylate 
and tfieir oUgo-(l-methyl-2-carboxy-4ainino)pyiTole derivatives widi 
polydeoxyriboadenylic add in 0.2M NaCl. O.OIM Na^O*. O.lmM EDTA 
(pH7.0). X is same as Table 1. 



t 


Oligo Derivative 


T.*C 


AT,'C 


10 




48.S 






(dTp),rNH(CH,),COOH 


49 


0.5 




(dTp)„-X m " 1 


49.3 


0.8 




m " 2 


55.6 


7.1 


15 


in-3 


61 


12.5 




1 m ■ 4 


66 


17.5 




1 m ■ 5 


68 


19.5 




(dip), 


28 




20 


(dTp),-X ni - 1 


28 


0 




m-2 


40 


12 1 




ro - 3 


52 


24 1 




1 


60 


32 1 


25 


1 m-5 


66 


38 1 
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Tabl* 2 discloses Information in a aianner similar 
to Table 1. In the tests reported in this table 16-mer 
orais of thymidylic acid having the minor groove binder 
moiety represented by Z (Z is the same as in Table 1) 

5 were complexed with polydeoxyriboadenylic acid. As a 

comparative control a 16 mer ODN of thymidylic acid 
(dTp}]^g connected at its 3 '-phosphate end to 6- 
aninohexanoic acid was also tested. Additionally an ff- 
mer of thymidylic acid (dTp)3 and its conjugates with 

10 the minor groove binders of varying peptide length were 
also tested. In these tests too, the minor groove 
binder attached to the ODN causes significant 
stabilization of the complex between the ODN-MGB and 
the complementary DNA strand. Greatest stabilization 

15 occurs when the number of 4-amino-lJ-methylpyrrol-2- 
carboxylic acid residues in the minor groove binder 
moiety is five. In contrast, the aminohexanoic acid 
tail on the 16-mer ODN results in virtually no 
stabilization of the complex. 



20 
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TaDl 3 

Table 3. Melting temperatures CQ of duplexes foimed by poly(dA) and 
poly(rA) with (Tp), straods tenninally linked to CDn,^ and BocDFIt., 



5 


Oetathvmidvlate 


poly(dA) 


poly(rA) 




denvative 


T« 






AT 




(aTp/TOTp-u 


25 




13 






Qui P)7a Vp-L'l -A m «» i 


34 


9 


18 


5 


10 




50 


25 










68(65) 


43(40) 


32(31) 


19(18) 1 




(dTt))i<lTp-Ll-Y m-l 


26 


1 


12 


-1 




(dllp)7dIl?-Ll-Y m»2 


43 


18 


17 


4 


15 


Ll-pdTCpdI)7 


24 




12 






X-Ll-pdT(pdl)7 m-l 


31 


7 


14 


2 




X.Ll-pdT(pdl)7 m«2 


49 


25 


_b 






X-Ll-pdT(pdT)7 m=3 


68 


44 


35 


23 


20 


Y-Ll-pdTft)dT)7 m«l 


23 


-1 


9 


-3 1 




Y-Ll-pdT(pdl77 


41 


17 


19 


7 1 



• The data in brackets were obtained for the derivative with linker 
^ No melting transition was observed. 

25 
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Table 3 discloses n Itlng t mperature (Tj^^) and 
change in melting temperature (^T^q) data in tests where 
the oligonuclotide is an 8-mer of thymidylic acid 
having a minor groove binder moiety attached to it 

5 either at the 5* -phosphate or 3 ' -phosphate end, as 

indicated in the table. The minor groove binder 
moieties represented here by X and Y are 
"oligopeptides** based on the residue of 1, 2-dihydro-3Ii-: 
pyrrolo[3,2-e]indole-7-carboxylic acid (CDPI or BocDPI) 

10 and their structures are shown in the table. These 

minor groove binding oligopeptides are attached to the 
ODN through a linking moiety **L1 or L2" the structures 
of which are also shown below the table. The ODN-MGB 
conjugates were incubated with a complementary ribo- or 

15 deoxyribo homopolymer. Thus for ODN-H6B conjugates 

comprising ODNs of thymidylic acid, poly A or poly-dA 
was used. The change in melting temperature (^T^q) is 
indicated relative to the complex with the ODN which 
bears the corresponding linking group Ll or L2 in the 

20 corresponding end of the ODN, but bears no minor groove 
binding moiety. As it can be seen from Table 3, these 
ODN-NGB complexes again exhibit significant 
stabilization of the complex with the complementary 
deoxyribo homopolymer, with the greatest stabilization 

25 occurring in these tests when the minor groove binding 
moiety has 3 CDPI units. Surprisingly, stabilization 
of the complex occurs even when the ODN-MGB is 
inciibated with a complementary ribohomopolymer . This 
is surprising because it had been generally observed in 

30 the prior art that free standing minor groove binding 
molecules do not bind to DNA-RNA hybrids. 
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Table 4 
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10 LI = -0(CH2)6NH. L2 = -0CH2CH(0H)CH2NHCOCH2CH2NH- 



Table 4 discloses results of a study of duplex 

15 formation between derivatives of two complementary 

octamers: CpApTpCpCpGpCpT and ApGpCpGpGpApTpG. Each 
octamer was modified, as shown in the table, so that 
hybridization of the corresponding oligodeoxyribonu- 
cleotides and of oligodeoxyribonucleotides having a 

20 phosphor othioate backbone were examined. The ODN also 
had the tripeptide based on the residues of 1,2-dihy- 
dro-3Ii-pyrrolo[3,2-£]indole-7-carboxylic acid (CDPI) 
(minor groove binder moiety X) attached either to the 
3» or to the 5« end (as indicated) through a linking 

25 group of the structure LI or L2. (X, 1*1 and L2 are the 
same as in Table 3.) As controls, the melting 
temperature of duplexes was also determined for 
duplexes where the ODNs bore only the linking groups. 
As it can be seen in the table, the duplexes are 

30 significantly stabilized by the presence of a minor 

groove binder moiety, and greater stabilization occurs 
when each strand of the duplex has a covalently bound 
minor groove binder. 
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Table 5. T^'s data (*C) of beterogeoeous dapiexes canying 3' 



oligo(pyrroloindole caiboxamide) peptide xesadaes. 



ConQ)lementary 
ODNs 


d(AaCGGATQ)p 


d(AICIIATI)p 1 


3'-U- 


3'-U-X 


3'-Ll- 


y-u-x 1 


d(CATCCGCI)p 


3'-Ll- 


41 


52 


11 






57 


81 


48 


67 


d(CATCaCI)p 


3'-Ll- 


31 


48 


'0 


41 


3'-Ll-X 


54 


79 


48 


63 




L1 = .0(CHa)gNH. L2 « -0CH2CH(0H)CH2NHCOCHjCHjNH. 

Table 5 discloses melting temperature data 
obtained when complementary or "quasi complementary" 
OI»l-MGB were incubated and examined for duplex 
formation. The minor groove binding moiety Z and the 
linking groups LI and L2 are shown in the table and ace. 
the same as in Tables 3 and 4. As anticipated, when 
guanine is replaced inosine (I) in the strands the 
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binding of the duplex 8 is v ry weak (T^ is 
approximately 0 ^C) if there is no minor groove binding 
moiety present. However, when guanine is replaced by 
inosine in the oligonucleotides the presence of one 

5 covalently appended minor groove binder Z stabilized 

the hybrid by almost 50 and the presence of two such 
minor groove binders in antiparallel orientation 
provided 63 of st£d:>ilization. When the same strands, 
contained guanine, one minor groove binder increased 

10 the by 15 while two increased it by nearly 45^C. 
To the knowledge of the present inventors a T^j^ of 81°C 
for an 8 mer is unprecedented in the prior art. 
Primer Extension Experiment 

That sequence specificity in the Watson-Crick 

15 sense of the ODN portion of the ODN-MGB conjugate is 
required for complexing the ODN-MGB conjugate to a 
target sequence was demonstrated by a primer extension 
experiment. In this experiment, primer extension 
occurs with the enzyme T7 DNA polymerase that works 

20 from the 5* end of a template strand. A 16-mer ODN-MGB 
which was complementary in the Watson Crick sense to a 
target sequence on the template strand was incubated 
with a long single stranded DNA template and the T7 DNA 
polymerase enzyme. Blockage of the primer extension 

25 was noted at the site of binding with the ODN-M6B when 
the minor groove binding moiety was on the 5 "end of the 
16-mer ODN. The minor groove binder was the 
pyrroloindole tripeptide shown in this application in 
Table 5. When there was a single mismatch in the 

30 sequence specificity of the 16-mer to the target^ 

primer extension was not blocked. Primer extension was 
also not blocked when the minor groove binder moiety 
was attached to the 3' end of the 16-mer. Prim r 
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extension was also not bl eked when the sequence 
specific le-mer and the free minor groove binder 
molecule (Compound 3d, not covalently attached to the 
ODN) was incubated with the teiqplate and the enzyme. 
5 These experiments show that sequence specificity of the 

0DN-M6B is important for complex formation, and that 
the minor groove binding moiety does not simply act as 
an "anchor"* to non-specif ically bind the appended ODN 

« 

to another strand. The ability of ODN-HGB conjugates 

10 to inhibit primer extension indicates that these 

conjugates can be used diagnostically as polymerase 
chain reaction (PGR) clamping agents, (see Nucleic Acid 
Research (1993) 21: 5332 - 5336). 
Slot-blot hvbrldization assay 

15 The 0DN-M6B conjugates of the present invention 

are useful as hybridization probes. This is 
demonstrated by the description of the following 
experiment utilizing a ^^p^i^beled ODN-MGB conjugate as 
a diagnostic probe. When compared to the same ODN 

20 without a covalently linked minor groove binder (M6B) 

moiety, the conjugate hybridizes to its complement with 
greater strength, efficiency and specificity. The 
slot-blot hybridization assay is a widely used DNA 
probe diagnostic' assay, and the attributes of these 

25 HGB-ODN conjugates improve the performance of the 
assay. 

Specifically, in the herein described experiment a 
standard protocol was followed, as described in 
Protocols for Nucleic Acid Blotting and Hybridization, 
30 1988, Amersham, United Kingdom. Labelled test ODN 
which hybridized to the immobilized plasmid was 
quantitated as counts per minute (cpm) , and plotted vs 
temperatur of hybridization. Four l6-mer probes 
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complementary to N13&pl9 DNA (a phage DNA) w re 
evaluated. Two of these probes were totally 
complementary to a site in the phage DNA; one of these 
contained a 3 * -conjugated CDPI3 moiety while the other 

5 was unmodified. The second pair of probes were 

targeted to the same site in H13mpl9 DNA but each 
contained a single mismatch (underlined in drawing 
Figure l) • Here again, one ODN was 3 '-conjugated to 
CDPI3 while the other was unmodified. 

10 The results of the slot hybridization study are 

shown in Figure 1. Compared to an unmodified but 
otherwise identical le^-mer, the CDPI 3 -containing probe 
formed a hybrid with a melting temperature (T^) of 50^ 
C versus only 33^ c* This higher melting temperature 

15 more than doubled the yield of perfectly matched 

hybrids. When a mismatch was introduced into either 
probe, stability of the respective hybrids dropped. 
The CDPZj-modif led probes exhibited good secpience 
discrimination between 37^-50^ C. Furthermore, under 

20 the hybridization conditions used here there was no 

evidence for binding of the CDPI3 moiety to preexisting 
double-stranded regions in the H13mpl9 DNA target, 
indicating that totally non-specific binding of these 
conjugates is not present. 

25 Secmence-specific alleviation of a aene in cultured 
huinaTi cells 

The 0DN-M6B conjugates of the present invention 
which also bear a covalently attached allcylating agent 
can be used as "anti-gene" agents, that is is for the 
30 surpression of the expression of undesired (disease 
causing) genes, provided the ODN - MGB conjugate is' 
complementary to a target sequence in the target gene. 
In such a case the MGB moiety improves the binding to 
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th double strand d gene (in th presence of a 
reconbinase enzyne) and the alkylating moiety results 
in permanent covalent binding of the 0DN-M6B conjugate 
to the target sequence. 
5 As a demonmstrative esqseriment the above described 

50-mer ODIH which was 3' end-modified with a CDPI3 group 
and internally modified with a nitrogen mustard group 
(chlorambucil) seguence-specifically crosslinked to the. 
expected site in a targeted gene (HIA DQ^l 0302 allele) 
10 present in living hiunan BSH cells (a human B-lyn^hocyte 
cell line) . The ODN-HGB conjugate was added to a 
suspension of BSM cells at 1-50 fM final concentration. 
After 3.5 hr the genomic DNA was extracted and treated 
with hot pyrrolidine to convert any alkylation events 
15 into nicks. Next the targeted region of the 0302 
~ allele was amplified by I1!-PCR (ligation mediated- 
polymerase chain reaction) , a technique which can be 
used to detect cleavage events at single-base 
resolution. Analysis of the products on a sequencing 
20 gel showed that the modified ODN had bound to and 

alkylated the targeted site. A similar ODN lacking the 
CDPI3 group was considerably less effective in 
efficiency of alkylation of the target. 

It is probable that in the experiment above the 
25 recognition and binding of the ODN-MGB conjugate to 
homologous double-stranded DNA took place with the 
assistance of nuclear recombinases . In like 
experiments and applications endogenous recombinase 
enzymes can catalyze the sequence specific targeting of 
30 double-stranded genomic DNA by ODN-CDPI3 conjugates in 
other living cells. When these ODNs have an appended 
crosslinking agent, they can alkylate the targeted DNA. 
By stabilizing the D-1 op form d in the presenc of 
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recoBbinase, the CDPI3 promotes the or sslinkage 
reaction. The crosslinkage event is a powerful 
inhibitor of expression of the targeted gene. Thus 
crossl inking ODN-CDPI^ conjugates can be used as 
5 antigene agents. 

SPECIFIC EMBODIMEKTS. BmRlHEMTAL SEGTIOM 

General Experimental 

All air and water sensitive reactions were carried 
out under a slight positive pressure of argon. 

10 Anhydrous solvents were obtained from Aldrich 

(Milwaukee, HI) • Flash chromatography was performeo on 
230-400 mesh silica gel. Melting points were determined 
on a Mel-Temp melting point apparatus in open cappilary 
and are uncorrected. Elemental analysis was performed 

15 by Quantitative Technologies Inc. (Boundbrook, NJ) . UV- 
visible absorption spectra were recorded in the 
200-4 00-nm range on a UV-2100 (Shimadzu) or a Lambda 2 
(Perkin Elmer) spectrophotometers. NHR spectra were 
run at 20^C on a Bruker NP*200 or on a Varian XL-200 

20 spectrophotometer; chemical shifts are reported in ppm 
downfield from Me^Si. 

? t ? > 5 , 6-Tet:y?if 3-uor9phCTYl g-carbfllBPYil-i^ , 2-dihYdro-3Hr 
PVrroitp f ? , ?-eUn<t9^?-7-gflrfrQXYiflte (la). 2,3,5,6- 
Tetrafluorophenyl trifluoroacetate (2.6 g, 10 mmol, 

25 H.B.Gamper, N.W.Reed, T.Cox, J.S.Virosco, A.D.Adams, 

A.A.Gail, J.K.Scholler and R.B.Meyer, Jr. Nucleic Acids 
Res. . 1993 , Vol. 21, No.l, 145-150) was added dropwise 
to a solution of 3-carbamoyl-l,2-dihydro-3iI- 
pyrrolo[3,2-e]indole*7-carboxylic acid (1.4 g, 6.1 

30 mmol, D.L.Boger, R.S.Coleman, and B.J.Invergo. 
J.Ora,Chein, . 1987 . Vol.52, 1521-1530) and 
triethylamine (1.4 ml, 10 mmol) in 15 ml of anhydrous 
DMF. After 1 hr, the reaction mixture was concentrated 
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und r vaouun (0.2 nm) . Th residue was triturated with 
2 nl of dry dichloronethane. Ethyl ether (50 ml) was 
added and the mixture was left at O^C overnight. The 
precipitate was collected by filtration on sintered 
glass funnel, washed first with 50% ether/CHjClj (10 
ml) , then with ether (50 ml) and dried in vacuo. The 
product was obtained as a yellow solid (1.8 g, 75%): 
NMR (Me2SO-dg,2P0 MHZ, ppm) 12.32 (s, IH, NH) , 8.13 (d,. 
l-H, J=9 Hz, C4-H), 8.01 (m, IH, C6F4H) , 7.41 (S, IH, 
C8-H), 7.26 (d, IH, J=9 Hz, C5-H) , 6.17 (s, 2H, CONHj) , 
3.99 (t, 2H, J«9 Hz, Nai2CH2) , 3.30 (t, 2H, J=9 HZ , 
NCH2CH2)' Anal. Calcd. for Ci8%lN3°3^4''2H20: C, 50.3; 

H, 3.52; N, 9.7. Found; C, 50.81; H, 3.60; N, 9.95. 
2.3.5. 6-Te traf luoroDhenvl 3- f tert-butvloxvcarbonvl ) - 

I . 2~dihvdro-3H-pvrrolof 3 . 2-e1 lndole-7-cagboxvlate (lb). 
2,3,5,6-Tetrafluorophenyl trifluoroacetate (2.6 g, 10 
mmol) was added dropwise to a solution of 3-(tert- 
butyloxycarbonyl) -1 , 2-dihydro-3fl-pyrrolo [ 3 , 2-e ] indole- 
7-carboxylic acid (1.0 g, 3.7 mmol, D.L. Soger, 
R.S.Coleman, and w-.T.TnvftTfyo. J.oro.Chem.. 1222, 
Vol.52, 1521-1530) and triethylamine (1.5 ml. 10 mmol) 
in 10 ml of anhydrous CH2CI2. After 4 hrs, CHjClj was 
removed by evaporation at reduced pressure. Flash 
chromatography (4x20 cm, hexane-ethyl acetate, 1:2) 
afforded lb as a yellow crystalline solid (1.25 g, 
75%): ^H MMR (Me2SO-fig,200 MHz, ppm) 12.39 (d, IH, 
J=1.4 HZ, NH), 8.02 (m, IH, C6F4H) , 7.9 (br s, IH, C4- 
H), 7.45 (d, IH, J-1.4 HZ, C8-H) , 7.33 (d, IH, J=9 Hz, 
C5-H), 4.02 (t, 2H, J-9 Hz, NCHjCHj) , 3 .26 (t, 2H, J=9 
HZ, NCH2CH2)/ 1.51 (s, 9H, C(CH3)3). Anal. Calcd. for 
C22H18N2O4F4: C, 58.67; H, 4.03; N, 6.22. Found: C, _ 
58.45; H, 4.09; N, 6.13. 

3-earbamovl -i - 2~dihvdro-3H-PYrrolon . j,n<^9le-7- 
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carboxvlatie dlmer methvl ester (2a). A solution of 
nethyl l^a^dihydro-SH-pyrroloindole-T-carboxylate (0.6 
9, 1.5 nmol) , la (0.45 g, 2.25 mnol) and triethylamine 
(0.2 ml, 1.4 BUBol) in 10 ml of anhydrous OMF was 

5 incubated at RT for 24 hrs and then at 0°C for 12 hrs. 

The resulting insoluble solid was collected by 
filtration, washed with DMF (10 ml) and ether (20 ml). 
Drying in vacuo afforded 2a (0.61 g, 91%) as a pale 
yellow solid: (^H NMR (MejSO-jIg, 200 MHz, ppm) 12.00 

10 (d, IH, J«=1.8 Hz, NH«), 11.54 (s, IH, NH) , 8.28 (d, 

IH, J= 9 Hz, C4«-H), 7.97 (d, IH, J=9 Hz, C4-H) , 7.33 
(d, IH, J=9 Z, C5'-H), 7.22 (d, IH, J=9 Z, C5-H) , 7.13 
(d, IH, J=1.4 Hz, C8'-H), 6.94 (d, IH, J=l.l Hz, C8-H) , 
6.01 (S, 2H, CONH2), 4.62 (t, 2H, J=8 Hz, (NHjCHj)'), 

15 3.98 (t, 2H, J=8 Hz, NCH2CH2) , 3.88 (s, 3H, CH3) , 3.41 

(t, 2H, J=8 Hz, (NCH2CH2)')' 3-29 (t, 2H, NCHjCHj, 
partially obscured by water). Anal. Calcd. for 
C24H21N5O5XIH2OXIDMF: C, 58.69; H, 5.84; N, 15.21. 
Found: C, 58,93? H, 5.76; N, 15.82. 

20 3- ftert-Butvloxvcarbonvl Wl . 2>dihvdro-3 H-pvrrolor 3 . 2- 
elindole-7-carboxvlate dlmer methvl ester (2e) . A 
solution of methyl l,2-dihydro-3H-pyrroloindole-7- 
carboxylate (0.5 g, 2.5 mmol) , lb (l.O g, 2.2 mmol) and 
triethylamine (0.1 ml, 0.7 mmol) in 10 ml of anhydrous 

25 DMF was incubated at RT for 10 hrs and at O^C for 12 
hrs. The resulting insoluble solid was collected by 
filtration, washed with IMF (5 ml) and ether (40 ml) . 
Drying in vacuo afforded 2o (0.81 g, 74%) as an off- 
white solid: NMR (MejSO-^g, 200 MHz, ppm) 12.01 (s, 

30 IH, m*), 11.64 (S, IH, NH), 8.28 (d, IH, J« 9 Hz, 

C4'-H), 7.8 (br s, IH, C4-H), 7.32 (apparent t, 2H, 
C5'-H + C5-H) , 7.13 (d, IH, J=l.l Hz , C8'-H), 6.98 (d, 
IH, J=l.l Hz, C8-H), 4.62 (t, 2H, J=8 Hz, (^2^2)')* 
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4.02 (t, 2H, J«8 HZ, NCH2CH2), 3.88 (S, 3H, CH3} , 3.41 
(t, 2H, J»8 HZ, (MCH2CH2)*), 3.25 (t, 2H, NCH2CH2) , 

I. 52 (s, 9H, C(CH3)). Anal. Calcd. for C28H28N4O5: c, 
67.19; H, 5.64; N, 11.19. Found: 66.72, H, 5.69; N, 

5 11.31. 

2.3.5. 6-Tetraf luorophcnvl 3 -carbamoyl -1 . 2-dihvdro-3H- 
pvrrolc r 3 . 2-e 1 lndQle-7-carbo3evlate dlmer (2e) . 2,3,5,6- 
Tetrafluorophenyl trifluoroacetate (2.6 g, 10 mmol) was 
added dropwise to a suspension of 2b (1.2 g, 2.8 nunoi, 

10 D.L. Soger, R.S.Coleman, and B.J. Inveroo . J . Pro . Chem . . 
1987 . Vol.52, 1521-1530) in 15 ml of anhydrous DMF. 
Triethylamine (1.4 ml, 10 mmol) was added and the 
mixture was stirred for 3 hrs. The mixture was concen- 
trated in vacuo (0.2 mm) vising rotary evaporator. The 

15 residue was triturated with 20 ml of dry dichlorometh- 
ane. The product obtained was filtered, washed with 
dichloromethane (10 ml), ether (20 ml), and dried in 
vacuo t o give 2a as a yellow solid (1.5 9, 93%): (^H 
NMR (Me2SO-dg,200 HHZ, ppm) 12.51 (d, IH, J»1.8 HZ, 

20 NH'), 11.58 (S, IH, MH), 8.39 (d, IH, J=8.9 Hz, C4'- 

H), 8.04 (m, IH, C5F4H), 7.98 (d, IH, J=8.8 Hz, C4-H) , 
7.58 (s, IH, C8')» 7.42 (d, IH, J«9 Hz, C5«-H) , 7.22 
(d, IH, J-9 Hz, C5-H), 6.98 (S, IH, C8-H) , 6.11 (s, 2H, 
CONHj), 4.66 (t, 2H, J-7.8 Hz, (NCHjCHj)'). 3.94 (t, 

25 2H, J-9.1 HZ, NCHjCHj), 3.47 (t, 2H, J^S Hz, 

(NCH2Cai2) ') ' 3.29 (t, 2H, J-9.1 Hz, NCH2CH2) . Anal. 
Cacld. for C29H3^9Ng04F4Xl.5H20: C, 57.62; H, 3.67; N, 

II. 59. Found: C, 57.18; H, 3.31; N, 11.54. 

2.3.5. 6-Tetraf luorophen vl 3 - f tert-butvloxvcarbonvl ) - 
30 1 . 2-dihvdro-3 H-pvT-rol Qf 3 ■ 2-e1 indole-7-carboxvlate dimer 
(2f ) . 2, 3, 5, 6-Tetraf luorophenyl trifluoroacetate (0.75 
g, 2.9 mmol) was added dropwise to a suspension of 2d 
(0.25 g, 0.5 mmol, D.L. Soger, R.S. Coleman, and B.J. 
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Inverg . J.Ora.Chem. . 1987 . Vol.52, 1521-1530) and 
triethyl2unlne (0.5 ml, 3.5 boboI) in a mixture of 
anhydrous CH2Cl2(8 ml) and I»!F (2 ml). The mixture was 
stirred for 20 hrs. The resulting clear solution was 

5 concentrated jji vacuo and was added dropwise to 40 ml 

of IH sodium acetate (pH 7.5). The precipitate was 
centrifuged, washed with water (2x40 ml), with 10% HeOH 
in ether (2x4 0 ml), with ether (40 ml), and with hexane. 
-(40 ml) . Finally it was dried in vacuo to give 2f as a 

10 pale yellow solid (0.29 g , 91%): (^H NMR (He2S0-ag, 200 
MHz, ppm) 12.51 (s, IH, NH»), 11.66 (s, IH, NH) , 8.37 
(d, IH, J=8.8 Hz, C4«-H), 8.03 (m, IH, CgF^H) , 7.8 (br 
S, IH, C4-H), 7.58 (s, IH, C8«-H), 7.40 (d, IH, J=9.1 
Hz, C5'-H), 7.27 (d, IH, J-8.6 Hz, C5-H) , 7.1 (s, IH, 

15 C8-H), 4.65 (t, 2H, J»8 Hz, (NCHjCHj)')* 4.02 (t, 2H, 

J-9 Hz, NCH2CH2), 3.46 (t, 2H, J«8 HZ, (NCH2CH2)'), 
3.25 (t, 2H, J-8.9 Hz, NCH2CH2} , 1.51 (s, 9H, €(013)3). 
Anal. Calcd. for C33H2gN4O5F4X0.5H2O: C, 61.59; H, 
4.23; M, 8.71. Found: C, 61.73; H, 4.12; N, 8.61. 

20 S-carbamovl-l . 2-dihvdro-3 H-Pvrrolo r 3 . 2-e 1 indole-7- 

carboxvlate trimer methvl ester (3a). A solution of 
methyl l , 2-dihydro-3Il-pyrroloindole-7-carboxylate (1.0 
g, 5 mnol), 2e (1.2 g, 2.1 mmol) and triethylamlne (O.l 
ml, nnol) in 15 ml of anhydrous raiF was incubated at RT 

25 for 24 hrs and at 0°C for 12 hrs. The resulting 

insoluble solid was collected by filtration, washed 
with DHF (10 ml) , CH2CI2 (20 ml) and ether (20 ml) . 
Drying In vacuo afforded 3a (1.1 g, 83%) as a pale 
yellow solid: (^H NMR (Me2SO-d6,200 HHz, ppm) 12.02 (s, 

30 IH, NH"), 11.75 (S, IH, NH')f 11.56 (S, IH, NH) , 8.28 

(apparent t, 2H, J=8.3 Hz, C4-H" + C4'-H), 7.98 (d, IH, 
J=9.4 Hz, C4-H), 7,98 (d, IH, J=9 Hz , C4-H), 7.39-7.33 
(2 d, 2H, C5"-H+C5«-H) , 7.23 (d, IH, J=8.7 Hz, C5-H) , 
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7.14 (d, IH, J-1.6 Hz, C8"-H), 7.10 (d, IH, J=l Hz, 
C8'-H), 6.97 (S, IH, C8-H), 6.11 (S, 2H, CONHj) , 4.65 
(t, 4H, (NCHjCHj)** + (NCH2CH2)'), 3.98 (t, 2H, J»8.7 
HZ, NCH2CH2) , 3.88 (s, 3H, CH3), 3.48-3.25 (m, 6H« 

5 (NCH2CH2)" + (NCH2CH2) ' + NCH2CH2 partially obscured 

with H2O). Anal. Calcd. for C35H2 91(705x4. 5H2O: C, 
59.32; H, 5.0; N, 13.03. Found: C, 58.9; N, 5.06; N, 
13.77. 

2-. 3 . 5 . e-Tctraf luorophenvl 3-carbamovl~l . 2-dihvdre-3H- 

10 pvrrolo r 3 . 2-e 1 indole-7-earboxvlate tr iner (3o) . 

2 , 3 , 5 , 6-Tetraf luorophenyltrif luoroacetate (2.6 g, 10 
ninol) was added dropwise to a suspension of 3b (l.l q, 
1.8 mmol) in 15 ml of anhydrous DHF and triethyl amine 
(1.4 ml, 10 nnol). The mixture was stirred for 3 hrs. 

15 The mixture was concentrated jji vacuo (0.2 mm) . The 
residue was triturated with a mixture of dry 
dichloromethane (20 ml) and methanol (2 ml). The 
resulting product was collected by filtration, washed 
with dichloromethane (20 ml), ether (20 ml), and dried 

20 In vacuo to give 1.3 g (95%) of a yellow-green solid; 

(^H NMR (He2SO-dg,200 MHz, ppm) 12.54 (d, IH, J«l Hz, 
NH"), 11.79 (6, IH, NH<)» 11.56 (8, IH, NH) , 8.41 (d, 
IH, J»9.3 Hz, C4-H"), 8.27 (d, IH, J«9.4 Hz, C4«-H), 
8.03 (m, IH, C6F4H), 7.98 (d, IH, J-9 Hz, C4-H) , 7.56 

25 (s, IH, C8"-H) , 7.45-7.35 (m, 2H, C5"-H+C5 • -H) , 7.23 

(d, IH, J-9.2 Hz, C5-H), 7.13 (s, IH, C8'-H), 6.97 (s, 
IH, C8-H), 6.11 (8, 2H, CONH2). 4.65 (m, 4H, 
(MCH2CH2)" + (NCH2CH2)')» 3.98 (t, 2H, J-8.7 HZ, 
NCHjCHj), 3.45 (n, 4H, (NCHgCHj)" + (NCH2Cai2) ' ) » 3.25 

30 (t, 2H, J=8.7 Hz, NC3I2CH2). Anal. Calcd. for 

C4QH27N7O5F4X2H2O1 C, 61.59; H, 4.23; N, 8.71. Found: 
C, 61.73; H, 4.12; M, 8.61. 

r 3-carbamovl-l . 2-dihvdro-3H-P vrrolof 3 . 2-e1 indole-7- 



PCT/DS96«4SS9 



67 



gartoxl -l-amidp-a-prgpangl triagr (3d), a solution of 

3-amino-l-propanol (70 nl, 1.4 mnol) , 3e (75 ing, 0.1 
mmol) and triethylaaine (0.1 b1, mnol) in 2.5 ml of 
anhydrous DHF was stirred at RT for 10 hrs. The 

5 resulting insoluble solid was collected by filtration, 

washed with DHF (2 nl) , CH2CI2 (10 ml) and ether (20 
ml) . Drying irj vacuo a fforded ^ji (55 mg, 89%) as a pale 
yellow solid: (-"^H NMR (MejSO-flg, 200 MHz, ppm) 11.76 
(6, IH, NH"), 11.65 (S, IH, m*), 11.57 (s, IH, NH) , 

10 8.47 (m, IH, C4-H), 8.24 (m, IH, C4-H) , 7.99 (d, IH, 

J=8.4 Hz, C4-H), 7.40-7.32 (2d, 2H, C5"-H+C5 • -H) , 7.23 
(d, IH, J«=8.9 Hz, C5-H), 7.12 (s, IH, C8"-H) , 7.10 (s, 
IH, C8'-H), 6.99 (s, IH, C8-H) , 6.12 (S, 3H, CONH2 + 
NHCO), 4.66 (t, 4H, (NCH2CH2)*' + (NCH2CH2)'), 3.98 (t, 

15 2H, J«8.7 Hz, HCH2ai2), 3.51-3.25 (m, lOH, (NCH2CH2)" + 

(NCH2CH2) ' + NCH2CH2 -t- NHCIi2 C&2°" partially obscured 
with H2O), 1.70 (p, 2H, J»6.6 Hz, CH2CII2CH2) . 
2.3.5. 6-Tetra f luorophenvl 3- r N- f 9- 
fluorenvlmethoxvcarbonvH 1 aminopropionate (4). 

20 2,3,5,6-Tetrafluorophenyl trifluoroacetate (1.7 g, 6.5 
nnol) was added dropwise to a solution of FHOC- 
-alanine (2.0 g, 6.4 nmol) and triethylanine (l.O ml, 
7 mmol) in 20 ml of anhydrous CH2CI2. After 1 hr, 
CH2CI2 was removed by evaporation at reduced pressure 

25 using rotary evaporator, redissolved in 30 ml ethylace- 
tate/hexane (1:1). Flash chromatography (4x20 cm, 
hexane/ ethyl acetate, 3:1) afforded rude 4 as a white 
solid. It was recrystallized from hexane/ethyl acetate 
to give 4 as a white crystalline solid (2.3 g, 78%): 

30 NMR (CDClj, 200 MHZ, ppm) 7.73 (d, 2H, J=7.1 Hz, 

aromatic protons), 7.75 (d, 2H, 3=1.1 Hz, aromatic 
protons), 7.24-7.42 (m, 4H, aromatic protons), 7.01 (m, 
IH, CgF4H), 5.21 (br s, IH, -CONH-) , 4.38 (d, 2H, J=7 . 1 
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Hz, -CH2OCO-), 4.20 (m, IH, benzyl proton), 3.58 (m, 
2H, NCH2)/ 2.93 (t, 2H, J=5.4 Hz, -CHjCO-) . Anal. 
Calcd. for C24H17NO4F4: C, 62.75; H, 3.73; N, 3.05. 
Found: C, 62.52; H, 3.59; N, 3.01. 
1- r 3- r W~ fg-PluorenvInetihQxvcarbonvl^ amino 1 -1- 
QvonroHvl 1 amino- f R . S W2 . a^propancdlol (5) . A solution 
of 4 (2.0g, 4.35 nmol) in 20 nl of anhydrous CH2CI2 was 
added to a stirred solution of s-amino-l, 2 -propanediol . 
(-0.6, mmol) in 10 nl HeOH. After 10 min, acetic acid (3 
ml) was added and the mixture was evaporated to dry- 
ness. The residue was triturated with 100 ml of water. 
The obtained solid was filtered off, washed with water 
and dried by co-evaporation with toluene (2x50 ml) at 
reduced pressure. Washing with 50 ml of ethyl acetate 
followed by drying in vacuo overnight yielded 5 as a 
white crystalline solid (1.65 g, 99%): NMR (CDCI3 + 
McOD-M. 200 MHz, ppm, Me^Si) 7.77 (d, 2H, J=7.7 Hz, 
aromatic protons), 7.61 (d, 2H, J*7.3 Hz, aromatic 
protons), 7.45-7.29 (m, 4H, aromatic protons), 4.35 (d, 
2H, Js7.l Hz, -CH2OCO-), 4.22 (m, IH, benzyl proton), 
3.72 (m, IH, -CH- from NHCH2CiiOHCH20H) , 3.52-3.27 (m, 
6H, 0C0NHC|i2 + CB2CH0HCii20H) , 2.44 (t, 2H, J«>6.6 Hz, 
-CH2CO-); Anal. Calcd. for C2]^H24N205: C, 5.61; H, 
6.29; H, 7.29%. Found: C, 65.43; H, 6.28; N, 7.21. 
1- r 3- TN- / g-Fluorenvlnethoxvearbonvl \ aminol -1- 
Qxopropvl 1 amino- f R . s ^ -2- f This f methoxvphenvl ) Phenvlmet- 
hovvlmetvl ^ -2-ethanol (6) . To a stirred solution of 5 
(1.6 g, 4.2 mmol) in 30 ml of anhydrous pyridine was 
added DMTrCl (1.6 g, 4.7 mm ol). After stirring for 3 
hrs under argon, the mixture was evaporated to dry- 
ness. Residual pyridine was removed by co-evaporation — 
with toluene. The residue was dissolved in 100 ml of 
caijCl,, washed with 2x100 ml water, dried over sodium 
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sulfate, and evaporated to dryness. The residue was 
purified by flash chromatography (4x20 cm, silica) 
using ethyl acetate as an eluent. The fractions 
containing pure product were combined and evaporated to 

5 dryness to yield 1^9 g (66%) of 6 as a colorless 

foami^H NMR (CDCI3, ^00 MHz, ppm, Me^Si) 7.72 (d, 2H, 
J=7.2 Hz, aromatic protons), 7»56 (d, 2H, J=7 Hz, 
aromatic protons) , 7.40-7.20 (m, 13H, aromatic 
protons), 6.80 (d, 4H, J^9 Hz, DMTr protons), 5.76 (br 

10 s, IH, NH), 5.42 (br S, IH, NH) , 4.35 (d, 2H, J«6.6 Hz, 

-CHjOCO-), 4.17 (m, IH, benzyl proton), 3.83 (m, IH, 
-CH- from NHCHjCHOHCHjOH) , 3.75 (s, 6H, OCH3), 3.60- 
3.30 (m, 4H, OCONHCH2 + CIi2CHOHCH20H) , 3.13 (d, 2H, 
J«5.4 Hz, CHjODMTr), 2.30 (t, 2H, J«5.4 Hz, -CHjCO-) ; 

15 Anal. Calcd. for C42H42N2O7: C, 73.45; H, 6.16; N, 
4.08. Found: 65.43; H, 6.28; N, 7.21. 
2.3,5. 6-Tetraf luorophenvl 1- r 3- rN-> r 
f luorenvlmethoxvcarbonvl ) aminol ^l-oxonropvl 1 amino- 
f R. S> -2* r rbis f methoxvphenvll Phenvlmethoxvl metvl 1 -2- 

20 ethvl butanedioate (7). To a solution of 6 (1.2 g, 1.75 
mmol) , triethylamine (0.2 g, 2 mmol) , 1-methylimidazole 
(20 Ml) in 10 ml of anhydrous CH2CI2 was added 0.2 g (2 
mmol) of succinic anhydride. This solution was stirred 
for 20 hrs. Triethylamine (60 til) was added to the 

25 solution followed by 0.6 g (2.2 mmol) of 2,3,5,6- 

tetrafluorophenyl trifluoroacetate. After 1 hr, CH2CI2 
was removed by evaporation at reduced pressure using a 
rotary evaporator, and the residue was dissolved in 15 
ml ethyl acet at e/hexane (1:2). Flash chromatography 

30 (4x20 cm, hexane/ ethyl acetate, 2:1) afforded lb as a 

pale yellow foam (1.2 g, 73%): ^H NMR (CDCI3, 300 MHz, 
ppm, Me^Si) 7.71 (d, 2H, J=7.2 Hz, aromatic protons), 
7.54 (d, 2H, J=7 Hz, ar matic pr tons), 7.40-7.20 (m. 
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13H, ar matlc protons), 7.00 (m, IH, C^T^K) , 6.78 (d, 
4H, J«7 Hz, DHTr protons) , 5.71 (br s, IH, NH) , 5.42 
(br 8, IH, NH), 5.15 (m, IH, -CH- from NHCHjQiOHCHjOH) , 
4.31 (d, 2H, J«6.2 Hz, -CHjOCO-} , 4.16 (d, 5.5 Hz, IH, 

5 benzyl proton), 3.74 (s, 6H, OCR3) , 3.60-3.30 (n, 4H, 

OCONHCH2 -•- CH2CHOHCH2OH) , 3.20 (br s, 2H, CH20DHTr), 
2.98 (br s, 2H, COCHjCHjCO) , 2.72 (br s, 2H, 
COCHjCHjCO), 2.20 (br s, 2H, -CHjCO-) ; Anal. Calcd. for 
^42^42^2^7* ^' 66.80; H, 4.96; N, 3.00. Found: C, 

10 66.18; H, 4.98; N, 2.86. 

Preparation of CPG derivative 8 . A mixture of 5.0 g 
of long chain aninoallcyl controled pore glass (LCAA- 
CPG) , 0.5 ml of 1-methylimidazole, and 0.45 g (0.5 
mmol) of 2 in 20 ml of anhydrous pyridine was swirled 

15 in 100 ml flask (orbital mixer, 150 rpm) . After 3 hrs, 
the CPG was filtered on a sintered glass funnel and 
%rashed with 100 ml portions of DMF, acetone, and 
diethyl ether. The CPG was dried in vacuo and treated 
with a mixture of pyridine (20 ml), acetic anhydride (2 

20 ml) f and 1-nethylimidazOle (2 ml) . After swirling for 

30 min, the CPG was washed with pyridine, methanol, and 
diethyl ether, then dried in vacuo . The product (8) was 
analyzed for dinethoseytrityl (raiTr) content according 
to the literature method (T. Atkinson and H.Smith, in 

25 H.Gait (ed.), Ql iaomieleotlde Synthesis. A Practical 
Approach. IRL Press, 1984 . Oxford, UK, pp. 35-81) and 
found to have a loading of 28 /imol/g. 

Preparation of CPG derivative 9. The CPG derivative 8 
(3.0 g) was treated twice with 20 ml of 20% piperidine 
30 in dry DMF for 5 min each time. The CPG was washed with 
100 ml portions of DMF, methanol, and diethyl ether, 
then dried in vacuo . 

Preparation of CPG derivative 10. A mixture of 2.5 g 
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Of 9, 7.5 ml Of trlethylaaine, and 0.38 g (0.5 naol) of 
3e in 7.5 ml of anhydrous I»fSO was swirled in 50 ml 
flask (orbital nixer, 150 funnel rpm) . After 2 days, 
the CP6 was filtered on a sintered glass fwnel and 

5 washed with 100 ml poirtions of mso, acetone, and 

diethyl ether. The CPG was dried in vacuo and treated 
with a mixture of pyridine (10 ml) , acetic anhydride (i 
ml), and 1-methylimidazole (1 ml). After swirling for . 
10 min, the CPG was washed with DMSO, pyridine, 

10 methanol, and diethyl ether, then dried in vaeuQ . 

2-r4-fPhenvla?;o)benzvlthioiethvi s-r rtcrt-butiYioxY) 
CflrbQXamido 1 pentvlcarboxvlate (H) . 6-[ (Tert-butyloxy) 
carboxamido]hexanoic acid (4.16 g, 18 mmol) was dried 
by co-evaporation with dry DMF (70**C) . The residue was 

15 redissolved in dry I»IF (25 mL) and 2-[4-(phenylazo)- 
benzylthio]-ethanol (4.08 g, 15 mmol), H,!!*- 
dicyclohexyl carbodiimide (3.71 g, 18 mmol), 4- 
dimethylaminopyridine (1.83 g, 15 mmol) were added at 
0®C. After stirring at 0®C for 2 h and 20®C for 12h, 

20 the reaction mixture was evaporated to dryness by co- 
evaporation with butyl acetate, and additional ethyl 
acetate (150 mL) was added. This solution was extracted 
with 0.7 M HCl (1x30 mL), 5% NaHC03 and HjO (2x50 mL) . 
The organic layer was dried over Na2S04 and 

25 concentrated with rotary evaporator. Washing with 20 mL 
of ether and filtration afforded compound 11 (6.91 g, 
89%). NMR (CDCI3, 200 MHz, ppm) : 7.91 (m, 4H) , 7.52 
(m, 5H), 4.48 (t, 2H), 4.34 (s, 2H) , 3.20 (t, 2H) , 3.08 
(m, 2H), 2.35 (t, 2H) , 1.64-1.2 (m, 7H) , 1.41 (s, 9H) . 

30 1.2. 3-benzotriazol-l-vl i-methvl-4- rtert- 

butvloxvl carboxain ido-Pvrrole-2-carboxvlate . H.H'- 
Dicyclohexylcarbodiimide (1.1 g, 5.3 mmol) was added to 
a solution of l-methyl-4-(tert- 
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butyloxy)carboxa]aido]pyrrole-2-carbioxylic acid* (1.2 g, 
5.2 mmol) and 1-hydroxybenzotrlazol (0.63 g, 4.7 nmol). 
After stirring for 1 hr, the mixture was filtered 
through the sintered glass filter to separate 

5 precipitated £[iH'*dicyclohexylcarbodiiiiiide. The 

filtrate was evaporated to dryness, redissolved in a 
mixture of CHCI3 and pentane (1:1), and loaded onto a 
silica gel column. The fractions containing pure 
product were combined and evaporated to dxyness to give 

10 1.45 g (80%) of the desired product as a white solid: 

mp«138-138.5 °C; % NMR (CDCI3, 200 MHz) 8.04 (d, IH) , 
7.49-7.40 (m, 4H), 7.09 (d, IH) , 3.87 (s, 3H) , 1.50 (s, 
9H) . 

2 - r 4 - f Phenvlazo^ benzvlthiol ethvl 5- r l-methvl-4- r tert-> 

15 butvloxv^ carboxamido 1 pvrrole-2-carboxamido 1 oentvlcar- 

— boxylate (12) • Trifluoroacetic acid (5 mL) was added 
at 0°c to 11 (0.73 g, 1.5 mmol). After stirring at O^c 
for 20 min the reaction mixture was evaporated to 
dryness by co-evaporation with CHCI3. The residue was 

20 dissolved in dry CH2CI2 (15 mL) and 1,2,3-benzotriazol- 
1-yl l-methyl-4-(tert-butyloxy) carboxamido-pyrrole-2- 
carboxylate (0.59 g, 1.65 mmol), dry triethylamine 
(0.23 g, 2.3 mmol) were added. After stirring at 
ambient temperature for 15 min, CHCI3 was added (100 

25 mL) • The reaction mixture was extracted with 5% NaHC03 
(2x20 mL) , H2O (2x20 mL) . The organic layer was dried 
over Na2S04 and concentrated on a rotary evaporator. 
Chromatography on silica gel (100 g) with CHCI3 
afforded 0.88 g (91.8%) 12. NMR (CDCI3, 200 MHz, 

30 PPm): 7.88 (m, 4H), 7.46 (m, 5H) , 6.74 (s, IH) , 6.38 

(s, IH), 6.26 (S, IH), 5.87 (t, IH) , 4.18 (t, 2H, J-6 
HZ), 3.82 (S, 3H), 3.79 (s, 2H) , 3.3 (m, 2H) , 2.63 (t, 
2H, J=6 HZ), 2.30 (t, 2H, J=6 Hz) , 1.64-1.2 (m, 6H) , 
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1.46 (s, 9H). 

2-r 4-fPhenYlagp)benzvlthioiethvi s-n-iHat^hvi-A-p- 

methvl-4> ( tert-butvlowt em-boxamidnnvri-ol 
Pflr^oXftffiiaolPVrrQle-2- carboxamldolpent vlcarbexvl 
(13). A solution of 12 (2.43 g, 4 aunol) in dry CHjClj 
(8 mL) was treated with trifluoroacetic acid (4 mL) at 
0°c. The resulting solution was left at ambient 
temperature in stopped flask for 1 h and then 
partitioned between 30% aqueous K2CO3 (30 mL) and 
CH2CI2 (30 mL) . The lower layer was collected. The 
aqueous phase was extracted with dichloromethane (2x20 
mL), and the combined organic extracts, after being 
washed with HjO (1x20 nL) , were dried over Na2S04 and 
evaporated. The residue was dissolved in CH2CI2 (10 mL) 
and 1,2,3-benzotriazol-l-yl l-methyl-4-(tert- butyloxy) 
carboxamidopyrrole-2-carboxylate (1.43 g, 4 mmol) and 
dry triethylamine (0.8 g, 8 mmol) were added. After 
stirring at ambient teaqperature for 30 min, CHCI3 (lOO 
mL) was added. The reaction mixture was extracted with 
5% NaHCOg (2x20 mL) , HjO (2x20 mL) . The organic layer 
was dried over Na2S04 and concentrated on a rotary 
evaporator. Chromatography on silica gel (lOO g) with 
CHCI3 afforded 1.95 g (66.8%) of 13. NMR (CDCI3, 200 
MHz, ppm): 7.87 (m, 4H) , 7.46 (m, 5H) , 7,04 (d, IH, 
J=1.5 H2), 6.77 (br s, IH), 6.52 (br S, IH), 6.50 (d, 
IH, J=1.5 H2), 6.31 (br s, IH), 5.95 (t, IH) , 4.19 (t, 
2H, J=6 Hz), 3.85 (s, 6H) , 3.78 (s, 2H) , 3.32 (m, 2H) , 
2.64 (t, 2H, J«6 Hz), 2.31 (t, 2H, J=6 Ha), 1.64-1.2 
(m, 6H), 1.48 (s, 9H). 

2-r4-fPhenvla2o)benzvlthioiet hvl 5-ri-inethvl-4-n- 
tnethVl-4- ri-roethvl-4-ftert-butvloxv1 ca rbovamldopvr- 
rQle-2-carboxaTOido1 Pvrrole-2-carbo xamidolPvrrole-2- 
carboxamidolpentvl carboxvlate (14) . A solution of 13 
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(1.90 9, 2.6 mmol) in dry CH2CI2 (6 mL) was treated 
with trif luoroacetic acid (3 mL) at O^C. The resulting 
solution was left at ambient temperature in stopped 
flask for 1 h and then partitioned between 30% aqueous 

5 K2CO3 (30 mL) and CH2CI2 (30 mL) • The lower layer was 

collected. The aqueous phase was extracted with 
dichloromethane (2x20 mL) , and the combined organic 
extracts, after being washed with (1x20 mL) , were . 

dried over Na2S04 and evaporated. The residue was 

10 dissolved in CH2CI2 (2.5 mL) and 1,2 , 3-benzotriazol-l- 
yl l-nethyl-4-(tert-butyloxy) carboxamidopyrrole-2- 
carboxylate (1.4 g, 3.9 mmol), dry triethylemine (0.8 
g, 8 mmol) were added. After stirring at ambient 
temperature for 1 h, CHCI3 (100 mL) was added. The 

15 reaction mixture was extracted with 5% NaHC03 (2x20 
mL) , H2O (2x20 mL) • The organic layer was dried over 
Na2S04 and concentrated on a rotary evaporator. 
Chromatography on silica gel (100 g) with 0-1.5% 
methanol in CHCI3 afforded 1.56 g (70.5%) of 14. NMR 

20 (CDCI3, 200 MHz, ppm): 7.87 (m, 4H) , 7.68 (br s, IH) , 

7.60 (br S, IH), 7.46 (m, 5H) , 7.08 (br s, 2H) , 6.78 
(br s, IH), 6.56 (d, IH, Jb1.5 Hz), 6.60 (br s, IH) , 
6.55 (d, IH, J«1.5 Hz), 6.03 (t, IH) , 4.18 (t, 2H, J»6 
Hz), 3.86 (m, 9H), 3.78 (s, 2H) , 3.32 (m, 2H) , 2.63 (t, 

25 2H, J=6 Hz), 2.30 (t, 2H, J«6 Hz), 1.64-1.2 (m, 6H) , 

1.48 (S, 9H). 

2> r 4- r Phenvlazo^ benzvlthlol ethvl-5- T 1-methvl -4- f 1- 
inethvl-4- r l-methvl-4- r l-methvl-4- f tert-butvloxv) car- 
boxamldopvrrole-2-carboxamidolPvrrole-2- 
30 carboxamid o 1 pvrrole-2 -carboxamido 1 pvrrole-2 - 

carboxainid olpentvlcarboxvlate (15). A solution of 14 — 
(0.32 g, 0.32 mmol) in dry CH2CI2 (5 mL) was treated 
with trif luoroacetic acid (2.5 mL) at O^C. The 
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resulting solution was left at eunbient temperature in 
stopped flask for 1 h and then partitioned between 30% 
aqueous K2CO3 (30 nL) and CH2CI2 (30 sL) . The lower 
layer was collected. The aqueous phase was extracted 

5 with dichloromethane (2x20 nL) , and the combined 

organic extracts, after being washed with (1x20 
mL) , were dried over Na2S04 and evaporated. The residue 
was dissolved in CH2CI2 (1 mL) and 1,2 , 3-benzotriazol-. 
l;-yl 1 -methyl -4 -(tert- butyloxy)carboxamidopyrrole-2- 

10 carboxylate (0.11 g, 0.32 mmol) , dry triethylanine 
(0.06 g, 0.03 nmol) were added. After stirring at 
ambient temperature for 1.5 h, CHCI3 (100 mL) was 
added. The suspension was filtered and the filtrate was 
extracted with 5% NaHCOj (2x20 mL) , H2O (2x20 nL) . The 

15 organic layer was dried over Na2S04 and evaporated to 
dryness. The yield of IS was 0.25 g (80%). NHR 
(CDCI3, 200 MHz, ppn): 8.17 (br s, IH) , 7.98 (br s,), 
7.96 (br s,), IH 7.85 (n, 4H) , 7.44 (n, 5H) , 7.09 (br 
s, 2H), 7.02 (s, IH), 6.78 (br s, IH) , 6.74 (br s, IH) , 

20 6.66 (s, IH), 6.58 (s, 3H) , 6.29 (t, IH) , 4.18 (t, 2H, 

J='6 Hz), 3.78 (m, 14H), 3.28 (m, 2H) , 2.60 (t, 2H, J«6 
Hz), 2.26 (t, 2H, J»6 Hz), 1.64-1.2 (n, 6H) , 1.48 (s, 
9H) . 

2- r4- f PhenvlazObenzvlthiolethvl 5- r l-inethvl-4-r 1- 
25 methvl-4- r 1- methvl-4-r l-methvl-4-r l-inethvl-4- rtcrt- 

butvloxv^ carboxamidoBvrrole-2-carbexamldo1 pvrrole-2- 
carboxamidol Pvrrole-2-carboxamidolPvrrole-2- 
carboxamidolPvrrole-2-carboxamidolpentvlcarboxvlate 
(16). A solution of 15 (0.65 g, 0.67 nmol} in dry 
30 CH2CI2 (10 mL) was treated with trif luoroacetic acid (5 
nL) at O^C. The resulting yellowish solution was left 
at ambient temperature in stopped flask for 1 h and 
then partitioned between 30% aqueous K2CO3 (30 mL) and 
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CH2CI2 (30 mL) . The lower layer was collected. The 
aqueous phase was xtract d with dichloromethane (2x20 
mL) , and the combined organic extracts, after being 
washed with HjO (1x20 mL) , were dried over NajSO^ and 

5 evaporated. The residue was dissolved in DMF (1 mL) 

and 1,2, 3-benzotriazol-l-yl l-methyl-4- (tert- 
butyloxy) carboxamidopyrrole-2-carboxylate (0.24 g, 0.67 
mmol) , dry triethylamine (0.13 g, 0.67 mmol) were 
added. After stirring at ambient temperature for 3 h, • 

10 the reaction mixture was evaporated to dryness by co- 
evaporation with butyl acetate. The residue was 
dissolved in 3 mL 2.5% DMF in CHCI3. Chromatography on 
silica gel (100 g) with 0-2.5% methanol in CHCI3 (2.5% 
DMF) afforded 0.67 g (45%) of 16. 

15 2 . 3 . 5 > 6-Tetraf luorQPh^nvl-4 j - rbta r 2> 

chloroethvl ) amino 1 phenvlbutvrate (Chlorambucil 
2,3,5,6-tetrafluorophenyl ester) 

To a solution of 0.25 g (0.82 mmol) of 
chlorambucil (supplied by Flu)ca A. G.), 0.3 g (1.1 

20 mmol) of 2,3,5,6-tetrafluorophenyl trifluoroacetate in 
5 ml of dry dichloromethane was added 0.2 Ml of dry 
triethylamine. The mixture was stirred under argon at 
room temperature for 0.5 h and evaporated. The residual 
oil was purified by column chromatography on silica gel 

25 with hexane-chloroform (2:1) as the eluting solvent to 
give the ester as an oil: 0.28 g (75%) ; TLC on silica 
gel (CHCI3) Rf 0.6; IR (in CHCI3) 3010, 1780, 1613, 
1521, 1485 cm*"^. 

Introduction of chlorambucil residue into the primary 
30 amino groups of oligonucleotides 

Preparation of the cetyltrimethylammonium salt of 
oligonucleotides: a 100 mL of aqueous solution of 
oligonucleotide (50-500 ug) , generally triethylammonium 
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salt, was injected to a c luxm packed with D w x 50wx8 
in the cetyltrinethylaannonium form and prewashed with 
50% alcohol in water. The column was eluted by 50% 
aqueous ethanol (0.1 nL/min) . Oligonucleotide 

5 containing fraction was dried on a Speedvac over 2 

hours and used in following reactions. 

Ethanol solution (50 uL) of cetyltrimethylanmonium 
salt of an oligonucleotide (50-100 ng) was mixed with 
of 0.08 M solution of 2,3,5,6-tetrafluorophenyl-4'- 

10 [bis(2-chloroethyl)amino)phenylbutyrate (tetrafluoro- 
phenyl ester of chlorambucil) in acetonitrile (50 nL) 
and 3 nL of diisopropylethylamine. After shaking for 
three hours at room temperature, the product was 
precipitated by 2% LiC104 ^ acetone (1.5 mL) . The 

15 product was reprecipitated from water (60 uL) by 2% 
LiClO^ in acetone three times. Finally chlorambucil 
derivative of oligonucleotide was purified by Reverse 
Phase Chromatography with approximately 50-80% yield. 
The fraction containing a product was concentrated by 

20 approximately butanol. Isolated chlorambucil 

derivative of oligonucleotide was precipitated in 
acetone solution of LiCl04, washed by acetone and dried 
under vacuum of oil pump. All manipulation of reactive 
oligonucleotide was performed as quickly as possible, 

25 with the product in ice-cold solution, starting from 
the chromatographic fraction collected. 
Oligonucleotide synthesis 

All oligonucleotides were prepared from l /umol of 
the appropriate CPG support on an ABM 394 using 

30 protocol supplied by manufacturer. Standard reagents 

for the -cyanoethylphosphoreunidite coupling chemistry 
were purchased from Glen Research. 5 ' -aminohexyl 
modifications were introduced using an N-MHT- 
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hexanolaaine phosphoramldit linker (Glen R search) . 
3 * -aminohexyl modifications were introduced using the 
CPG prepared as previously described, C.R. Petrie, M.W. 
Reed, A.D. Adams, and R.B. Meyer, Jr. Bioconiuaate 

5 ChepiptrVi 1992, 3, 85-87. 

Preparation of Conjugates (Reaction Scheme 3). 

To a solution of cetyltrimethylammonium salt of an 
aminohexyl modified oligonucleotide (30-50 nmol, Jost, 
J. -p., Jiricny, J.,. and Saluz, H. (1989) Quantitative * 

10 precipitation of short oligonucleotides with low 
concentrate ins of cetyltrimethylammonium bromide. 
Nucleic Acids Res, 17, 2143) and 1.5 m1 of N,N- 
diisopropylethylamine in 40 Ml of dry DHSO was added 40 
Ml of 4 mN solution of the TFP ester (la, lb, 2e, 2f or 

15 3c) . The reaction mixture was kept for 12 hrs at RT. 
— The oligonucleotide related material was precipitated 
by addition of 1*5 ml of 2% LiClO^ in acetone. The 
pellet was washed with acetone, and dried in vacuo . The 
pellet was redissolved in 60 Ml of 50% DNF in and 

20 precipitated again as described above using 2% solution 
of LiC104 in acetone. This procedure was repeated 
twice. The residue was purified by HPLC (4.6x250 mm, C- 
18, Dynamax-300A, Rainin) using a gradient of 
acetonitrile from 20 to 75% in the presence of 50 nM 

25 LiC104. The fraction containing pure product was dried 
in vacuo using speedvac. The residue was dissolved in 
60-80 Ml of HjO and precipitated with 1,5 ml of 2% 
LiC104 in acetone. After washing with acetone (2x1.5 
ml) and drying in vacuo , the pellet was dissolved in 

30 100 Ml of HjO. The yield of final product was 20-50%, 

A modified procedure of Godovikova et al, (T. S. 
Godovikova, V.F.Zarytova, T.V.Maltzeva, L.M.Khalim- 
skaya. Biooraan. Khim . . 1989 , 15, 1246-1259) was used 
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for the preparation f the ligonucleotide conjugates 
bearing 4-amino-li-inethylpyrrol-2-carboxylic acid 
residues. A solution of cetyltrinethylaaunonium salt of 
3 •-phosphate-containing oligonucleotide (50-100 nmol) , 

5 triphenylphospine (10 xag) , 2,2 '-dipyrldyldisulf ide (10 

^9) i N,N-dimethylaminopyridine (lo ag) , and one of the 
analogues selected from compounds 11 through 16 in 100 
Ml of dry DMF was inctibated for 20 min at RT. The 
oligonucleotide related material was precipitated by 

10 addition of 1,5 ml of 2% LiC104 in acetone. The pellet 
was washed with acetone, and dried in vacuo . The 
residue was purified by HPLC using gradient of 
acetonitrile from 20 to 75% in presence of 50 mM 
LiClO^. The fraction containing pure product was dried 

15 in vacuo using speedvac. The residue was dissolved in 
60-80 Ml of HjO and precipitated with 1.5 ml of 2% 
LiC104 in acetone. After washing with acetone (2x1.5 
ml) and drying in vacuo, the pellet was dissolved in 
100 Ml of HjO. The yield of final product was 30-50%. 

20 Preparation of Conluaates (Seaetion Soheae 4) • 
CPG containing 5 • -aminohexyl derivatized 
oligonucleotide obtained in a synthesis on 1 Mmol scale 
was treated with 2% dichloroacetic acid in CH2CI2 to 
remove the 9-f luorenylmethoxycarbonyl (Fmoc) protecting 

25 group from the amino group followed by washing with 
acetonitrile, and drying by flushing with argon. The 
CPG was transferred into 1.5 ml plastic tube and 100 ul 
of 50 mM solution of TFP ester in anhydrous OMSO was 
added. The tube was shaken for 24 hrs, then washed with 

30 3x1.5 ml DMSG, 2x1.5 ml acetone, and dried in vacuo . 
The CPG was treated with concentrated ammonia to 
deprotect oligonucleotide using standard conditions. 
The resulting reaction mixture was s parated using 
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revers phase HPLC as described above. Typical yield 
was about 50%. 

Th?rffifl3^ pgnfltwration stPfltgSt 

Optical melting curves of oligonucleotide 

5 complexes bearing 4-amino-li-methylpyrrol-2-carboxylic 

acid residues were obtained in 200 xoM NaCl, 10 mH 
NajHPO^, 0.1 mM EDTA (pH 7.0) on the XJV detector of a 
Milichrom liquid chromatograph in a thermoregulated 
cell specially designed for this purpose. The data were 

10 collected and processed on a personal computer as 
described by S.G. Lokhov et al. (S.G. Lokhov, M.A. 
Podyminogin, D.S. Sergeev, V.N. Silnikov, I.V. 
Kutyavin, G.V. Shishkini V.F* Zarytova. Bioconiugate 
Chem . 1992 . 3, 414). 

15 The oligonucleotide complexes carrying l,2*-dihy- 

dro-3Ii-pyrrolo[3,2-£]indole--7-carboxylic acid (CDPI) 
residues were melted in 140 mM KCl, lOmH MgCl2,.20 mM 
HEPES-HCl (pH 7.2) on a Lambda 2 (Perkin Elmer) 
spectrophotometer with a PTP*-6 automatic multicell 

20 temperature programmer. The melting temperatures of 
complexes (Tm) were determined from the derivative 
maxima • 

PFiptgiT exten?jl9P TOctjpns 

Primer extension reactions were performed as 

25 previously described by Lee, et al«, [Biochemistry 
(1994) 33: 6024-6030]. The final concentrations of 
template, primer and blocking ODNs were 5 X 10"^° M, 4 
X 10"® M and 10*^ M, respectively. Primer extension 
was carried out for 15 min at 45^ C, and the products 

30 were analyzed by denaturing gel electrophoresis as 

described in the reference. 

In the absence of any blocking ODN, the primer 
extension reaction generated a high molecular weight 
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product which ran as an unres Ived band in th 
sequencing gel. Weak bands corresponding to pause 
sites or to spontaneous termination events were 
reproducibly observed in all reaction mixtures. 

5 Unmodified 16-mer and 32-mer ODNs, fully complementary 

to the target, failed to block primer extension. Also 
without activity were complementary 8-mer and 16-mer 
ODNs, each of which was 3 '-linked to a CDPI3 group. 
Only a fully complementary 16-mer ODN with a 5*- 

10 conjugated CDPI3 group arrested primer extension by T7 
DNA polymerase. A complementary 8-mer ODN with the 
same 5* modification generated only a trace emount of 
blocked product. Control ODNs confirmed that 
inhibition of primer extension required both a 

15 complementary ODN and a covalently linked MGB. Two 
singly-mismatched 16-mer ODNs, each with a 5 '-linked 
CDPI3 peptide, were much less inhibitory than the 
perfectly matched 0DN-M6B conjugates. Addition of 
unmodified 16-mer ODN together with an equimolar amount 

20 of free COPI3 had no effect on primer extension, 

emphasizing the importance of the conjugation of the 
HGB to the ODN. When a 5* acridine moiety was 
conjugated to the fully complementary 16-mer ODN 
instead of the MGB, a loss of inhibitory activity was 

25 seen . 

Cell culture crossllnkina experiment 

The 0DN-M6B conjugate was complementary to 
nucleotides 815-864 of the template strand of the DQ^Sl 
allele [Proc. Natl. Acad. Sci. USA (1983) 80: 7313- 

30 7317]. The human BSM B-cells used here are homozygous 

for this allele and express it constitutively . Prior 
to adding the ODN, the BSM cells were grown in a 25 ml 
flask to a density of 4.5 X 10^ cells per ml of media. 
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F r each treatment the cells fron a 2 ml aliquot of 
culture were pelleted and resuspended in 200 ul of 
serum free media which contained 0, 1, 10 or 50 50- 
mer chlorambucil-1 inked ODN (either with or without a 
5 3* conjugated CDPI3 group). Each sample was incubated 

for 3.5 hours at 37° C with 5% COj in a 48-well 
microtiter plate. The cells were then transferred to 
Eppendorf 0.5 ml centrifuge txibes, pelleted 5 min at 
2,000 rpm, washed twice with 500 m1 phosphate buffered 
10 saline (PBS) and deproteinized with Proteinase K/SDS 

overnight at 37® C. After phenol/chloroform extraction 
and Rnase A digestion the DNA was treated with IM 
pyrrolidine at 90® C for 30 min. Pyrrolidine was 
removed by ethanol precipitation, and the ligation- 
15 mediated ploymerase chain reaction (PGR) reaction was 
performed as described by Lee et al. [Bioohemistry 
(1994) 33s 6024-6030]. Amplified DNA was analyzed on a 
sequencing gel to visualize any sequence specific 
nicking that might have resulted from alkylation of the 
20 target by the chlorambucil-containing ODNs. Results 
showed cleavage at the nucleotide on the target 
adjacent to the crosslinker on the ODN, and that the 
CDPl3-containing 50-mer was 10-fold more efficient than 
the same ODN without the MGB in sequence specifically 
25 alkylating the 0302 allele. 

Complete media was prepared from the following 
components (the serum free media lacked HI-FCS) : 
500 ml RPMI 1640 with L-Glutamine (2mM) (Gibco BRL Cat. 
No. 11875-036) 
30 50 ml of HI-FCS (Gibco BRL Cat. No. 26140, heat 
inactivated 30 min at 55^ C) 

5 ml of lOOX Penn/Strep (Gibco BRL Cat. No. 15070-022) 
5 ml of 200 mM L-Glutamine (Gibco BRL Cat. No. 25030- 
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024) 

5 ml of lOOX Sodium Pyruvate (11 mg/ml; made from Gibco 
BRL Cat. No. 11840-030) 

5 ml of 1 M HEPES, pH 7.3 (Gibco BRL Cat. No. 15630- 
023) 
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SEQUENCE USHNO 

(1) GENERAL INFORMATION: 

(i) APPUCANT: Mkroprobe Coipontkm. BotbeU WA 98021 

(iO TITLE OF INVENTION: CXJVALENTLY LINKED 
OUGONUCLEOTIDE MINOR 

(tu) NUMBER OF SEQUENCE: 2 

(if) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: KLEIN & SZEKERES 

(B) STREET: 4199 Campus Drive, Suite 700 
(Q CITY: Inrme 

(D) STATE: CA 

(E) COUNTRY: USA 

(F) ZIP: 92715 

(v) COMPUTER READABLE FORM: 

<A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(Q OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0. Veisioii #1.2S 

(vi) CURRENT APPUCATION DATA 

(A) APPUCATION NUMBER: US 08/415370 

(B) HUNG DAIE: 03-AFR-199S 

(C) CLASSmCATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Szekeies. Gabor L 

(B) REGISnHAnON NUMBER: 28.67S 

(C) REFERENCE/DOCKET NUMBER: 491-09^PA 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE 714^4-5502 

(B) TELEFAX: 714-854-5502 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TYFEi nadeie add 

(Q STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ri) SEQUENCE DESCRIPnON: SEQ ID NO:l: 
GGTrATmTGAAGATACGAATITCUCCAGAGACACAGCAGGATTrGTCA 50 



SUBSTITUTE SHEET (RULE 26) 
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(2) INFORMATION FOR SEQ ID liO± 

(0 SEQUENCE CHARACTERimCS: 
(A) LENGTH: 16 hue pain 
(B) TYPE: nudeic add 
(Q STRANDEDNESS: 
(D) TOPOLOGY: IbMr 

(xi) SEQUENCE DESCRIPIION: SEQ ID N0± 

i i i Ti rm i iin ri 



SUBSTITUTE SHEET (RULE 26) 
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HAT IS CIAZMED Z8 

!• An oligonucleotide minor groove binder 
combination comprising an oligonucleotide having a 
plurality of nucleotide units, a 3 '-end and a 5* -end, 
5 and 

a minor groove binder moiety attached to at least 
one of said nucleotides through a linking group which 
covalently binds the minor groove binder moiety to the* 
oligonucleotide through no more than 15 atoms, wherein 
10 the minor groove binder moiety is a radical of a 

molecule having a molecular weight of approximately 150 
to approximately 2000 Daltons that bind in a non- 
intercalataing manner into the minor groove of double 
stranded DNA, RNA or hybdrids thereof with an 
15 association constant greater than approximately lO*'. 

2. An oligonucleotide minor groove binder 
combination in accordance with Claim 1 wherein the 
minor groove binder moiety including the linking group 
has the formula selected from the group consisting of 
20 groups (a), (b) , (c), (d) and (e) : 

Ri-(HN-Yj^-C0)a-R2 
(a) 

where represents a 5*-membered ring having two 
double bonds and 0 to 3 heteroatoms selected from the 

25 group consisting of N, S and 0, the NH and CO groups 

are attached respectively to two ring carbons which are 
separated by one ring atom from one another, the ring 
atom positioned between said two ring carbons is 
substituted only with H or is unsubstituted, each of 

30 the remaining ring atoms may be optionally substituted_ 
with 1, 2 or 3 R3 groups; 

Bl-(R6N-*2-C0)a-R2 
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(b) 

¥2 is a ring system consisting of a 6 -member ed 
aromatic ring condensed with a 5-membered ring having 
one double bond, the condensed ring system having 0 to 

5 3 heteroatoms selected from the group consisting of 

S and O, each of the R^N and CO groups is attached to a 
ring carbon which is in a different ring of the 
condensed ring system, and which is the second ring 
atom, respectively, from one common bridgehead ring 

10 atom, the CO and MR^ groups thereby positioning 2 non* 
bridgehead ring atoms between themselves on one side 
and 3 non-bridgehead ring atoms on the other side of 
the condensed ring system, the two non-bridgehead ring 
atoms on the one side being optionally substituted with 

15 an II7 group, the three non-bridgehead ring atoms on the 
other side of the condensed ring system being 
optionally substituted with an R3 group; 
Rl-(00-Y3-IIH)^-R2 
(o) 

20 *3 is a 6-membered aromatic ring having 0 to 3 N 

heteroatoms, and where each of the co and' NH groups is 
attached to a ring carbon, said ring carbons being in 
1,4 position relative to one another, two ring atoms 
not occupied by the CO or NH groups on either one of 

25 the two sides of the 6-membered ring being optionally 

sxibstituted with an R3 group, the two ring atoms not 
occupied on the other side of the 6 membered ring being 
optionally substitited with an R^ group; 

R^- (HN-Y4-HN-CO-Y4-CO) p-Rj 

30 (d) 

is a 6-membered aromatic ring having 0 to 3 N 
heteroatoms, and where each of the CO and NH groups is 
attached to a ring carbon, said ring carbons being in 



W 96/32496 PCT/DS96y04559 

88 



1,4 position relative to one another in ach ring, two 
ring atoms not occupied by the CO or NH groups on 
either one of the two sides of the 6-iaeiiibered ring 
being optionally substituted with an R3 group, the two 
5 ring atoms not occupied on the other side of the 6 

member ed ring being optionally substitited with an Ry 
group; 

(•) 

10 Y5 is a ring system consisting of a 6-membered 

aromatic ring condensed with a 5-membered ring having 
one double bond, the condensed ring system having 0 to 
3 heteroatoms selected from the group consisting of N, 
S and 0, each of the and R2 groups is attached to a 
15 ring carbon which is in a different ring of the 

condensed ring system, and which is the second ring 
atom, respectively, from one common bridgehead ring 
atom, the R^ and R2 groups thereby positioning 2 non- 
bridgehead ring atoms between themselves on one side 
20 and 3 non-bridgehead ring atoms on the other side of 

the condensed ring system, the two non-^bridgehead ring 
atoms on the one side being optionally substituted with 
an R7 group, the three non-bridgehead ring atoms on the 
other side of the condensed ring system being 
25 optionally substituted with an R3 group; 

where Rj^ and Rg independently are H, F, CI, Br, I, 
NHj^ NHR4, N(R4)2, N(R4)3*, OH, OR4, SH, SR4 , COR4, 
CONHR4, CON(R4)2r HjNCCHjjnCO, CONH2, CONHR4 and 

( CHj ) nCOO {CHj ) (CH2 ) nCgH4NNC6H4 , O ( CH2 ) ^CO , 
30 0(CH2)bCH(0H) (CH2)BiNHC0(CH2)niNH, -HN(CH2)nC0, 
-CONH-, -CONR4, -HN(CH2)nCOO(CH2)aiS(CH2)aC6H4NNC6H4, 
and-(CH2)j|CH(0H) (CH2)BiNHCO(CH2)nNH- or one of the R^ 
and R2 groups is absent; 
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R3 is selected from the group consisting of CI, 
Br, I, NHj, NHR4, N(R^)2, N(R4)3+, OH, OR^, SH, SR4 , 
COR^, CONHR4, C0N{R^)2 and R4, or the Rg groups may 
form a 3, 4, 5 or 6 nenbered ring condensed to the 
5 ring and substituted by one, two or three R^; 

R4 is an alkyl or cycloalkyl group having 1 to 20 
carbons, an alkenyl or cycloalkenyl group having 1 to 
20 carbons and 1 to 3 doiible bonds, a carbocyclic 
aronatic group of no more than 25 carbons, a 
10 heterocyclic aronatic group of no nore than 25 carbons, 
a carbocyclic or heterocyclic arylalkyl group of no 
more than 25 carbons, where R4 nay be optionally 
substituted with 1, 2 or 3 F, CI, Br, I, NHj, NHR5, 
N(R5)2» N(»5)3+, OH, OII5, SH, SR5, CORj, CONHR5, 
15 CONCRglj or Rg groups; 

R5 is alkyl of l to 6 carbons, 
R5 is H, alkyl of 1 to 5 carbons, or R^ and R^ 
jointly form a 4, 5, or 6 membered ring, optionally an 
-0-, -S-, -NH-, -NCH3-, fi-lower alkyl group being 
20 part of said ring; 

R7 is F, methyl or ethyl; -CHj-, or -CHjCHj-; 
m is an integer between l to 10 ; 
n is an integer between 1 to 10, and 
p is an integer between 1 to 5. 
25 3. An oligonucleotide minor groove binder 

combination in accordance with Claim 2 wherein the 
minor groove binding moiety including the linking group 
is represented by formula (a) . 

4. An oligonucleotide minor groove binder 
30 conbination in accordance with Clain 2 wherein the 

minor groove binding noiety including the linking group 
is represented by f omula (b) . 

5. An oligonucleotide minor groove binder 
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combination in accordance with Claim 2 wherein the 
minor groove binding moiety including the linking group 
is represented by formula (c) . 

6. An oligonucleotide minor groove binder 

5 combination in accordance with Claim 2 wherein the 

minor groove binding moiety including the linking group 
is represented by formula (d) • 

7. An oligonucleotide minor groove binder 
combination in accordance with Claim 2 wherein the 

10 minor groove binding moiety including the linking group 
is represented by formula (e) . 

8« An oligonucleotide minor groove binder 
combination in accordance with Claim 1 wherein the 
minor groove binding moiety is attached to the 5 '-end 

15 of the oligonucleotide* 

9« An oligonucleotide minor groove binder 

combination in accordance with Claim 1 wherein the 
minor groove binding moiety is attached to the 3* -end 
of the oligonucleotide. 

20 10. An oligonucleotide minor groove binder 

combination in accordance with Claim 1 wherein the 
minor groove binder moiety is attached to a nucleotide 
unit which is neither at the 3' nor at the 5* end of 
the oligonucleotide. 

25 11. An oligonucleotide minor groove binder 

combination in accordance with Claim 1 wherein the 
minor groove binder moiety is attached to the 
heterocyclic base portion of a nucleotide unit. 

12. An oligonucleotide minor groove binder 

30 combination in accordance with Claim 10 wherein the 
minor groove binder moiety is attached to the 
heterocyclic base portion of the nucleotide unit. 

13. An oligonucleotide minor groove binder 
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coBbination in acc rdance with Claia 2 wherein the 
minor groove binding noiety including the linking group 
has the formula 



10 




where a is 2 to 5. 
15 14. An oligonucleotide minor groove binder 

combination in accordance with Claim 13 wherein the 
minor groove binding moiety is attached to the 2' end 
of the oligonucleotide. 

15. An oligonucleotide minor groove binder 
20 combination in accordance with Claim 2 wherein the 

minor groove binding moiety including the linking group 
has the formula 




where a ■> 2 - 5 
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16* An oligonucl otide minor groove binder 
combination in accordance with Claim 2 wherein the 
minor groove binding moiety including the linking group 
has the formula 




where n « 2 - 5 

17 • An oligonucleotide minor groove binder 
combination in accordance with Claim 16 wherein the 
minor groove binding moiety is attached to the 3' end 
of the oligonucleotide. 

18 • An oligonucleotide minor groove binder 
combination in accordance with Claim 2 wherein the 
minor groove binding moiety is represented by formula 
(a) wherein the five membered ring has the structure 




CH3 O 



19. An oligonucleotide minor groove binder 
combination in accordance with Claim 2 wherein the 
minor groove binding moiety is represented by formula 
(a) wherein the five membered ring has the structure 
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II s 



NH — 



O 



20 • An oligonucleotide minor groove binder 
cosibination in accordance with Claim 2 wherein the 
minor groove binding moiety is represented by formula 
(b) wherein the condensed ring system has the structure 



2X. An oligonucleotide minor groove binder 
combination in accordance with Claim 1 further 
comprising a cross^linking functionality covalently 
attached to at least one of said nucleotide units. 

22. An oligonucleotide minor groove binder 
combination comprising an oligonucleotide having a 
plurality of nucleotide units, a 3* -end and a 5* -end, 
and 

a minor groove binder moiety attached to at least 
one of said nucleotides through a linking group which 
covalently binds the minor groove binder moiety to the 
oligonucleotide through no more than 15 atoms, the 
c mbination having the formula 
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10 where x is O or S; 

q is an integer between 3 to 100; 
Rg is H, OH, alkoxy having 1 to 6 carbons, o-Cj - 
C^alkenyl, or F; 

B is an aglycon selected from a group consisting 
15 of a heterocyclic base naturally found in nucleic acids 
and hypoxanthine, 2->aaiinoadenine, 2-thiouracil, 2- 
thiothymine, S-H^-ethenocytosine, 4-aminopyrrazolo 
( 3 , 4 -fl] pyrimidine , 6-aaino-4-hydroxy- [3,4 -fl] pyrinidine ; 
Wj^ is H, PO(OH}2 ^ s^lt thereof, or a minor 
20 groove binder moiety attached to the 3« or 5» end of 

said oligonucleotide, including the linking group which 
covalently binds the minor groove binder moiety to the 
oligonucleotide through no more than 15 atoms; 

is absent or is a minor groove binder moiety 
25 attached to one of the aglycons B including the linking 
group which covalently binds the minor groove binder 
moiety to said aglycon, or W2 is a cross-linking 
functionality including a linker arm which covalently 
binds the cross -linking functionality to said aglycon. 
30 wherein the minor groove binder moiety is a 

radical of a molecule having a molecular weight of 
approximately 150 to approximately 2000 Dal tons that 
bind in a non-»intercalataing manner into the minor 
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groove of double stranded DNA, RNA or hybdrids thereof 
with an association constant greater than approximately 
10^, with the proviso that at least one of said and 
Wj groups is a minor groove binder moiety. 

23. An oligonucleotide minor groove binder 
combination in accordance with Claim 21 wherein the 
minor groove binder moiety including the linking group 
has the formula selected from the group consisting of 
groups (a) , (b) , (e) , (d) and (a) : 
Rl-(HN-Yi-C0)n-»2 
(*) 

where Yj^ represents a 5-membered ring having two 
double bonds and 0 to 3 heteroatoms selected from the 
group consisting of M, s and o, the NH and CO groups 
are attached respectively to two ring carbons which are 
separated by one ring atom from one another, the ring 
atom positioned between said two ring carbons is sub- 
stituted only with H or is unsubstituted, each of the 
remaining ring atoms may be optionally substituted with 
1, 2 or 3 R3 groups; 

(b) 

where Yj is a ring system consisting of a 6- 
membered aromatic ring condensed with a 5-membered ring 
having one double bond, the condensed ring system 
having 0 to 3 heteroatoms selected from the group 
consisting of H, S and O, each of the R^N and CO groups 
is attached to a ring carbon which is in a different 
ring of the condensed ring system, and which is the 
second ring atom, respectively, from one common bridge- 
head ring atom, the CO and NR^ groups thereby 
positioning 2 non-bridgehead ring atoms between 
thraselves on one side and 3 non-bridgehead ring atoms 



95 

BHA or hybdrids th reof 
«f double stranded ONA, ^ approximately 

io3, with the P'^^^*''^^^^^ binder moiety. 

« <fi a minor groove ^«ove binder 

«. groups IS a ,^«*.ide minor groove » 

' 23. An Claim 21 wherein the 

^ combination in ^^^^^^^^X^^^'^^ 

-r:rreU:r./o. t^e group cons.st.ng 
l,as the formula s ^^j. 



10 



IS 



. »«ber.d ring havlM t«o 

,,oup consisting otJ.J ""^"^ fin, 

.re attach.* ""^^L 

..paratea W ""Y^^aid two ring ^J\,Z. 
^ R, groups? 



is a ring system consisting 

S wving one d "^'^^^V.J^ and CO group. 

Mving 0 to 3 » o, the ». „„t 

^-^''Tea to a ring carhon which .s - - ^, 
lUt;- — ^TivX --ne c».on hridge- 
atom, respectively, thereby 
30 second r».g^ co and ««. ^-^J^ ,.,«en 

^ead rxng ato ; ru.g at» ^.^ 

positioning ^ , ^n-bridg 

.selves on one 
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having one double bond, the condens d ring system 
having 0 to 3 heteroatoms s lected from the group 
consisting of N, s and 0, each of the and groups 
is attached to a ring carbon which is in a different 
ring of the condensed ring system, and which is the 
second ring atom, respectively, from one common bridge- 
head ring atom, the R^ and Rj groups thereby 
positioning 2 non-bridgehead ring atoms between 
themselves on one side and 3 non-bridgehead ring atoms- 
oh the other side of the condensed ring system, the two 
non-bridgehead ring atoms on the one side being 
optionally substituted with an group, the three non- 
bridgehead ring atoms on the other side of the 
condensed ring system being optionally substituted with 
15 an R3 group; 

where Rj^ and R, independently are H, F, CI, Br, I 
NH2, NHR^, N(R4)j, H(R^)3*, OH, OR^, SH, SR^, COR^,' 
CONHR^, C0N(R^)2, R^, HjNCCHj),©), COIIH2, CONHR- and 
H2N(CH2)aCOO(CH2)„S(CH2)„CgH4llNCgH4, -0-, -S-, 
20 -HN(CH2)nC0, -CONH-, -CONR^, 

-HN(CH2)„COO(CH2)aS(CH2),CgH4NNC6H4, and 
-(CH2)„CH(0H) (CH2),NHCO(CH2),HH- or one Of the R^ and 
R2 groups is absent; 

R3 is selected from the group consisting of F, Cl, 
Br, I, NHj, NHR^, N(R^)2, N(R^)3+, OH, OR^, SH, SR^, 
COR^, CONHR^, CON(R^)2 R^, or the R3 groups may 
form a 3, 4, 5 or 6 membered ring condensed to the Y, 
ring; 

R4 is an alkyl or cycloalkyl group having 1 to 20 
carbons, an alkenyl or cycloalkenyl group having 1 to 
20 carbons and 1 to 3 double bonds, a carbocyclic 
aromatic group of no more than 25 carbons, a 
heterocyclic aromatic group of no more than 25 carbons. 



25 
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a carbocycllc or h terocyclic arylalkyl group of no 
more than 25 carbons, irtiere may be optionally 
substituted with 1, 2 or 3 F, CI, Br, I, NH2, NBR5, 
N(R5)2/ NfRj),"*^, OH, OR5, SH, SR5, COR5, CONHR5, 
C0N(R5)2 or R5 groups; 

Rj is alhyl of 1 to 6 carbons, 

R^ is H, alkyl of 1 to 5 carbons, or R^ and Rj 
jointly fom a 4, 5, or 6 aenbered ring, optionally an* 

-S-, -NH-, -NCH3- or If*lover all^l group being 
part of said ring; 

R7 is F, methyl or ethyl; -CH2-, or -CH2CH2-; 

m is an integer between 1 to 10 ; 

n is an integer between 1 to 10, and 

p is an integer between 1 to 5. 

24. An oligonucleotide minor groove binder 
combination in accordance with Claim 23 wherein at 
least of the groups is a minor groove binder moiety 
and a linking group, and W2 is absent. 

25. An oligonucleotide minor groove binder 
combination in accordance with Claim 23 wherein W2 is a 
minor grove binder moiety and a linking group. 

26. An oligonucleotide minor groove binder 
combination in accordance with Claim 24 wherein the 
minor groove binding moiety including the linking group 
is represented by formula Ca) wherein the five membered 
ring has the structure 




Cf^ O 
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27. An oligonucl otid mln r groove bind r 
eoabination in accordance with Claim 24 vberein the 
minor groove binding moiety is represented by formula 
(a) wherein the five membered ring has the structure 



10 




28, An oligonucleotide minor groove binder combi- 
nation in accordance with Claim 24 wherein the minor 
groove binding moiety is represented by formula (b) 
wherein the condensed ring system has the structure 
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Figure 1: Slot blot hybridization of unmodifidd ODN or 
3^0DN-CDPI, conjugates to M13mp19 (^) strand DMA. 
Underiined nucleotides represent mismatches with the 
targeted plasmid sequence. 
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